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ABSTRACT 
Investigations were under taken within the 
laboratory, green-house, microplots and real fields 
s i tuat ions with the following broad objectives: 
1. To study the survival of Meloidogyne triticoryzae in 
relation to soil moisture . 
2. To study the population dynamics of root-knot 
nematodes under five rice-based cropping systems. 
3 . To study the effect of tillage and water 
management on the population behaviour of root-
knot nematodes in rice. 
4. To study the effect of some nematicides on the 
population density of root-knot nematodes and 
performance of the rice crop. 
5. To devise and test a practical and economical 
method for integrated management of root-knot 
nematodes in wheat-rice cropping system. 
6. To investigate the role of a cyanobacteria, Aulosira 
fertilissima in the bio-regulation of root-knot 
nematodes in rice. 
7. Histopathology of wheat roots infected with root-
knot nematodes, Af. triticoryzae. 
The results of the above experiments are 
summerized below: 
The root-knot nematode, M. triticoryzae could 
survive longer in moist and wet soil than in air-dried 
soil. In sterilized soil very few second stage juveniles 
(J2) survived or remained infective after 45-75d. The J2 
of M. triticoryzae were very susceptible to desiccation 
but the population appeared to survive in egg stage. The 
rate of water loss in sub-saturated conditions was 
higher in M. triticoryzae than in M. incognita J2. The J2 
of both the species survived only for a short time (5-40 
min) in vitro at 60-90% RH levels, M. incognita was 
relatively more tolerant to desiccation than M. 
triticoryzae. Desiccation tolerance was related to the 
kind of mois ture regimes experienced by the two species 
in their na tu ra l habi ta ts . 
Population dynamics of Af. triticoryzae h a s been 
studied in five rice-based cropping sys tems . Replacing 
wheat with mus ta rd could reduce the populat ion density 
while berseem increased it. Incorporation of organic 
matter as greengram crop residue also reduced the 
equilibrium population density. 
The s tudies on the tillage and water management 
have revealed tha t puddling reduced the bulk density of 
soil and decreased the hydraulic conductivity in the 
upper layers but not in the deeper layer at soil. Aeration 
was reduced due to high moisture levels re ta ined in the 
puddle soil. Population density of M. triticoryzae 
declined in puddled soil. The invasion of the roots by 
the second-generation infective juveniles was reduced. 
The populat ion density of the root-knot nematodes was 
higher in the non-puddled soil especially in un-
submerged condition compared to puddled and 
submerged soil. However, if the seedlings were already 
infected before transplanting and submergence , the 
nematode could survive well and reproduced within the 
aerenchyma of the root. 
The reduction in nematode population levels 
achieved by soil solarization and nematicides in 
nursery-beds resulted in significantly improved hea l th 
of the rice seedlings which when t ransplanted in the 
main field gave better crop in treated and un t rea ted in 
the main field. Application of nematicides phorate or 
carbofuran after soil solarization gave greater reduct ion 
in nematode infection and increased weight. However, 
soil solarization had the major influence. Besides paddy 
yield the shelling percentage was improved due to 
nematode control. The grain filling was adversely 
affected due to nematode damage to roots. Fur ther 
application of the nematicide in the solarized main field 
gave 53.2% higher yield over untreated control which 
was only 3.8% higher than that from unt rea ted main 
field. Soil solarization could be a practical, feasible and 
environmentally safer alternative to nematicides. 
The hatching of M. triticoryzae J2 was suppressed 
in cul ture filtrates and standard aqueous extracts of the 
blue-green alga, Aulosira fertilissima. Sudden 
resumption in hatch was observed when the aqueous 
extract was replaced by fresh GDW. Very low 
concentration of the aqueous extract s t imulated 
hatching whereas high concentration of the same was 
nematostat ic , Meloidogyne incognita eggs hatched very 
rapidly and completed most of the hatching within 2-3 
wk. In contrast, M. triticoryzae eggs hatched very slowly 
over 9 wk. 
The root-knot nematode, M. triticoryzae also 
infected wheat. Histopathological studies on wheat root 
showed that syncytium was well developed. The vascular 
bundles were dislocated, the cortical parenchyma had 
hyperplasia and was extensively damaged. The root wall 
was broken with partially protruding females and 
eggsacs, while in rice root female and eggsacs usual ly 
remained inside the root aerenchyma. 
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INTRODUCTION 
The wheat and rice crops are the major sources of 
food grain throughout the world. In India rice cultivated 
over 43.3 million ha yields 81.3 million metric tonnes, 
while wheat covering 26 million ha gives 69.3 million 
metric tonnes of grain (1996-97 data, lASRI-ICAR, 1998). 
The average yields of rice and wheat were 1879 and 
2671kg/ha during 1996-97. Traditionally, rice was the 
predominant crop in the eastern and coastal regions 
while wheat was grown mainly in the north-western and 
Indo-Gangetic plains. However, with improved irrigation 
facilities, improved agricultural technology, the market 
forces and agro-climatic suitability of the Indo-Gangetic 
plains for cultivation of rice, especially the scented 
Basmati types, the wheat-rice cropping system has gained 
popularity over the past about two decades and now 
covers more than 10 million ha. Wheat is grown during 
Autumn-Winter [Rabi) while rice serves as a remunerative 
crop in the rainy [KhariJ) season. The wheat-rice cropping 
system, thus became profitable. 
However, in many areas the factor-productivity of 
both the crops declined after a few years of cultivation 
causing great concern amongst the farmers and 
agricultural scientists. Various factors related to 
nutr ients and physico-chemical aspects of soil could be 
responsible due to the similarity of the crops, the 
biomass produced and the typical cultivation pract ices in 
rice. The two crops were previously thought to have few 
diseases and pests in common but over the years shifts in 
pest scenario have been observed. A number of weeds 
like, Echioncloa spp. and Phalaris minor; insect pests 
such as Scirpophaga incertulus, Mythimna separata, 
Sesamia inferens, Cnaphelocrosis spp., Pyrilla perpusilla, 
Odontotermes, leaf hoppers etc. and the foliar diseases 
became more severe. Little at tent ion was paid to 
nematodes . This cropping system would provide food and 
moisture for a longer time during the year for nematodes 
capable of reproducing on both the crops. On the other 
hand, it might be detrimental to nematodes specific to 
either wheat or rice and lacking the capability to survive 
water-logging in rice. 
In this region the wheat crop is known to be 
damaged by cereal, cyst, lesion, spiral, lance, s tunt and 
ear-cockle nematodes, whereas the rice crop is mainly 
damaged by rice-root, lesion, spiral, lance and s tunt 
nematodes . Until recently, it was believed that there were 
no common major plant-parasit ic nematodes infecting 
both wheat and rice and therefore, the plant-parasi t ic 
nematodes were ignored in this cropping system. 
However, recent investigations by Gaur and his 
colleagues (1993-1995) have revealed tha t a t . least two 
species of root nematodes, Meloidogyne triticoryzae and 
M.graminicola are prevalent in some areas under the 
wheat-rice cropping system. Meloidogyne graminicola was 
earlier thought to be confined to nor th-eas t , east and 
southern coastal zones where it causes severe losses to 
rice. Meloidogyne triticoryzae was described as a new 
species by Gaur et al. (1993a). These nematodes were 
found to cause losses to both wheat and rice under Delhi 
conditions and also were able to multiply on a number of 
graminaceous weeds prevalent in these crops. At present 
the distribution of these nematodes in north India seems 
to be limited. However, if not effectively controlled, there 
is a serious risk of their spread/growth in larger a reas . 
A number of chemical, physical, cul tural and 
biological methods are known to control various plant-
parasitic nematodes. However, these cannot be directly 
adopted given the peculiari t ies of the wheat-rice cropping 
system. Further, normally no single method of nematode 
control is sufficient to provide long term, practically 
feasible, economical and environmentally safe strategy to 
manage nematodes. Hence, attempts are necessary to 
unders tand the population dynamics, pathogenesis , 
survival and the operat ing biological and environmental 
factors and to under take research on the development 
integrated nematode management strategies to sui t the 
paritcular cropping system. Therefore, investigations, 
were under taken within the laboratory, green-house, 
microplots and real fields situations with the following 
broad objectives: 
1. To study the survival of M.triticoryzae in relation to 
soil moisture. 
2. To study the population dynamics of root-knot 
nematodes unde r rice-based cropping systems. 
3. To study the effect of tillage and water management 
on the population behaviour of root-knot nematodes 
in rice. 
4. To study the effect of some nematicides on the 
population density of root-knot nematodes and 
performance of the rice crop. 
5. To devise and test a practical and economical 
method for integrated management of root-knot 
nematodes in wheat - rice cropping system. 
6. To investigate the role of cyanobacteria, Aulosira 
fertilissima in the bio-regulation of root-knot 
nematodes in rice. 
7. Histopathology of wheat roots infected with root-
knot nematode, M. triticoryzae. 
REVIEW OF LITERATURE 
The plant-parasitic nematode have been recognized 
as important constraints in the production of agricultural 
crops including rice and wheat which consti tute the two 
most important staple food crops of the world. A 
large number of plant-parasitic nematode species are 
known to infect these crops in all par ts of the 
world including India. However, very little information is 
available on the survival, population behaviour, 
management and histopathology and the effects of 
various tillage and water management practices on 
nematodes in the rice-wheat cropping systems. An 
a t tempt has been made in this chapter to summarize the 
available literature on these aspects. Information on the 
role of certain cyanobacteria spp., commonly associated 
with rice in possible bio-regulation of nematodes has 
been included. 
2 . 1 . NEMATODE PROBLEMS OF WHEAT AND RICE IN 
INDIA 
A number of plant-parasitic nematode species have 
been found to cause damage to these crops in many 
regions, including India. Recently, Prasad et al. (1992) 
have reviewed the status of nematode problems in rice in 
India. After that Gaur et al. (1993a,b) have reported two 
species of root-knot nematodes, M. graminicola and M. 
triticoryzae causing damage to rice and further 
multiplying on wheat in the rice-wheat cropping system 
in nor th India. The other nematodes damaging rice in 
other parts of India include Hirschmanniella spp., 
Aphelenchoides besseyi, Ditylenchus angustus, Heterodera 
oryzicola, Pratylenchus spp. and Hoplolaimus indicus. The 
root-knot nematodes are known to cause 5-73% avoidable 
yield loss depending up on the population density of 
nematodes and environmental factors (Rao 86 Biswas, 
1973; Gaur et al, 1993). 
Similarly, the important nematode problems of 
wheat in India include Heterodera avenae, Pratylenchus 
spp. and Anguina tritici (Swarup 85 Gokte,1986). A number 
of ectoparasitic nematodes like Tylenchorhynchus spp. , 
Merlinius spp., Hoplolaimus indicus, Helicotylenchus spp. 
etc. also cause some yield losses endemically. Root-knot 
nematodes are generally not a problem on wheat except 
under some local cropping conditions. Meloidogyne 
javanica and M. incognita (Patel, 1984 ci. Swarup 85 
Gokte, 1986) have been found to damage wheat especially 
in cropping systems including another good host of these 
nematodes such as tobacco or vegetables. Similarly, M. 
graminicola and M. triticoryzae have been found to cause 
damage to wheat in the rice-wheat cropping system 
mainly. 
2.2 . SURVIVAL UNDER MOISTURE STRESS IN 
ABSENCE OF HOST 
Extensive reviews on anhydrobiosis have appeared 
(Simons, 1973; Evans 8B Perry, 1976; Freckman, 1978; 
Norton, 1979; Evans 8& Womersley, 1980; De Meure 86 
Freckman, 1981; Sehgal, 1987; Antoniou, 1989). 
Gelatinous egg matrix in some species is considered to be 
an adaptation against desiccation (Wallace, 1963; 
Ellenby, 1969). Most nematodes including free living 
stages of soil inhabiting nematodes are capable of 
surviving under high degrees of moisture tensions 
(Simons, 1973; Freckman et al., 1977; Evans 8& Perry, 
1976; De Meure 85 Freckman, 1981; Towson 86 Apt, 1983; 
Townshend, 1984; Gaur 8s Haque, 1986; Gaur 85 Sehgal, 
1988a, 1989; Antoniou, 1989; Barret t , 1991). Repeated 
desiccation and wetting decreased the survival of 
nematodes (Keilin, 1959; Schmidt et ah, 1974; Perry, 
1977a I Gaur 86 Sehgal, 1988b). A number of reasons 
have been suggested for better survival in dry than in wet 
soil. Nematodes can move freely in moist than in dry soil 
and therefore, may exhaust their energy reserves 
(Godfrey, 1926; Wallace, 1956; 1958; 1966a; 1966b). This 
hypothesis predicts greater movement and energy loss 
and consequently poorer survival in moist to wet sandy 
loam soil than in clay loam soil at similar moisture 
tension. No information is available in li terature on the 
anhydrobiotic survival potential of M. graminicola, M. 
triticoryzae and other species of Meloidogyne prevalent in 
rice fields. However, some relevant information is 
available on other species of root-knot nematodes. 
2 . 2 . 1 . Survival in Unsaturated Soil 
Most nematodes including the soil inhabiting ones 
are adopted for survival under mois ture stress conditions 
in dry soil. Root-knot nematodes , M. javanica could 
persist longer than 4y under na tu ra l fallow soil (Martin, 
1967). Wallace (1968) found that ha tch ing of M. javanica 
was inhibited at very low moisture levels, since high 
suction restricted water uptake resulting in shrinkage 
and mechanical pressure on egg shell. In some species of 
nematodes, desiccation protection was afforded by a 
change in permeability of the cuticle which slows down 
the rate of water loss of internal s t ructures (Ellenby, 
1968; Perry, 1977b). Simon (1973), Tsai and Apt (1979), 
Townshend (1984), Sehgal (1987) and Sehgal and Gaur 
(1989) opined that the rate of drying was more important 
than the total amount of water loss, in determining the 
degree of nematode survival under anhydrobiotic 
conditions. In naturally slow drying soil the desiccation 
is gradual and some of the nematodes are able to enter 
into anhydrobiosis to prolong their survival in the 
absence of host crop. 
Towson (1977) found that M. javanica juveniles 
could also survive for long period in desiccated soil and 
recovered tightly coiled second stage juveniles whose 
percentage was negatively correlated with moisture 
content . Meloidogyne incognita survived in dry soil for 
more than 6wk in a state of anhydrobiotic quiescence (De 
Guiran, 1979). Longer survival has been reported in case 
of M. javanica (Towson, 1977); M. incognita (Gaur 8B 
Haque, 1986; Gaur & Sehgal, 1986). Gaur and Sehgal 
(1986) studied the survival of M. incognita at 0.18 to 
21.13 bars moisture tension; the population densi t ies 
declined by 49-78% during the first month and slowly 
during the subsequent 3m. The M. incognita juvenile 
population declined faster than Rotylenchulus reniformis 
and Tylenchulus semipenetrans at low levels of moisture 
stress during the first two months (Table-I). 
Gaur and Haque (1986) found tha t M. incognita 
juveniles and pre-adult females and males of reniform 
nematode could survive in almost dry (9.0 bar suction) 
soil stored in sealed double polyethylene bags for over 
27m at 25+20C. The population declined faster during the 
first 2-3m with higher rate at very low and high suction. 
The remaining population declined slowly and 5-25% 
could be recovered after 27m. The reactivated nematodes 
were found infective and were able to reproduce. Gaur 
and Sehgal (1989) observed that the maximum survival of 
M. incognita second stage juveniles was seen at 0.8 bar. 
The survival declined as the moisture tension was 
increased to 10 bars . Most of the nematodes entered a 
quiescent stage within 60d at higher and 120d at lower 
levels of moisture tension (Table-I). 
In the air-dried soil with high moisture tension, the 
nematodes exhibited coiling and shrinkage of the body 
which still retained structural integrity. However, at 
lower moisture tension in the moist and wet soil, the 
nematodes were inactivated in varying shapes . The 
inactive nematodes survived longer in the absence of a 
host or unfavourable conditions. Survival was related to 
the degree of moisture stress and the initial rate of 
moisture loss from the soil (Sehgal 85 Gaur, 1988; 1989; 
Womersley 8B Ching, 1989). 
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TabIe-1 Survival of root-knot 
and without host. 
nematodes, Meloidogyne spp. in dry soil 
Root-knot 
Nematode 
Surviving 
Stage 
Survival Condition Survival 
Period 
Reference 
Meloidogyne spp. 
Meloidogyne spp. 
Meloidogyne spp. 
M. incognita 
M. incognita achta 
M. incognita 
M. incognita 
M. incognita 
eggs, J j 
M. incognita 
M. incognita 
Heterodera 
radicicola 
(M. javanica) 
M. javanica 
M. javanica 
M. javanica 
M. javanica 
M. graminicola 
DD = 
DD10 = 
Degree 
Degree 
Days 
Days 
- . J2 
J2 
-
-
-
J2 
eggs, 
J2 
J2 
>10C 
0 % 
40 % 
-
0 % 
some 
1 7 - 5 0 % 
49 - 78 % 
9-20% 
some 
90 % 
some 
0 % 
-
-
-
-
Rapidly 
dried soil 
Dust storm 
catch 
In soil after 
Rice harvest, 
roots in fallow 
soil 
Dry soil 
-
0-9.0 bar, 
Air dried soil 
0 . 1 8 - 2 1 . 3 
bars 
Sandy loam 
Soil without 
host, 
0.01-30.0 bars 
Fast drying 
soil, 
100-60 % RH 
Without host 
non-motile 
Stirred soil 
1 - 100% RH 
Natural fallow 
soil 
Desiccated 
soil 
Dry soil 
Soil without 
host 
5d 
1 y 
160 d 
80 d 
6 wk 
4m 
27 m 
4 m, 
1m 
450 d 
5m 
45 d 
500DD10 
1 6 - 2 0 wk 
1 - 2 0 d 
4 y 
Long 
period 
51 m 
5y 
Peacock 
(1957) 
Gaur (1988) 
Pokharel 
( 1993 ) 
De Guiran 
(1979a) 
Radewald 8> 
Takeshita 
(1964) 
Gaur & 
Haque 
(1986) 
Gaur & 
Sehgal 
(1986) 
Gaur & 
Sehgal 
(1988a; 
1993) 
Guar & 
Sehgal 
(1990) 
Goodbell 
& Ferris 
(1989) 
Godfery 
etal. 
(1933) 
Daulton & 
Nusbaum 
(1962) 
Martin 
(1967) 
Towson 
(1977) 
Towson & 
Apt (1983) 
Soomro 
(1989;1994) 
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Gaur (1988) observed that some tylenchid 
nematodes in quiescent stage disseminated over long 
distances in a dust storm. He also found that the number 
of Meloidogyne J2 was not reduced markedly till 6m but 
decreased after ly. Soomro (1989; 1994) reported tha t 
the J2 of M. graminicola survived in moist soil for up to 
5m without host and remained viable to invade the host 
roots and reproduce (Table-I). 
Moisture stress with faster drying reduced the 
infectivity, rate of development and fecundity of M. 
incognita (Gaur 85 Sehgal, 1990). Meloidogyne spp. , 
Tylenchorhynchus spp., Hirschmanniella mucronata and 
H. oryzae survived up to 160d after rice harvest in soil 
and up to 80d in roots in fallow land (Pokharel, 1993). 
The second stage juveniles of M. incognita survived up to 
450d without host in sandy loam soil with moisture 
tension ranging from 0.01-30.0 bars . The survival, 
infectivity and the rate of development decreased as the 
moisture tension deviated from 0.8 bar and as the 
duration of storage of soil was prolonged (Gaur 85 Sehgal 
1988a; 1993) (Table-I). 
2 .2 .2 . Survival in Saturated Soil 
In saturated soils, most of the pore spaces are filled 
with water, replacing the soil air. This may lead to short 
supply of oxygen to the aerobically respiring organisms 
including active nematodes. Several reports mention tha t 
nematode survival is reduced in continuously sa tu ra ted 
soils under flood, irrigation and rainfall. 
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Brown (1933) found that flooding 4m killed the 
juveniles and for 12-22m could eliminate Meloidogyne. 
Thames and Stoner (1953) noted that a single crop of 
irrigated rice effectively controlled the M. incognita. 
Daulton and Nausbaum (1962) found reduction in 
viability of Meloidogyne eggs in saturated soil. Overman 
(1965) reported that flooding of fallow soil reduced root-
knot as well as ectoparasitic nematodes. Four week of 
flooding or a double cycle of 2wk of flooding and 2wk of 
drying were found most effective. Similarly, Fishier and 
Winchester (1965) found that 2wk of flooding followed by 
2wk of drying and re-flooding for 2wk was as effective as 
9m of flooding in reducing M. incognita acrita. De Guiran 
(1977; 1979a) found tha t M. incognita juveniles became 
quiescent in very dry and very wet soil, and tha t longer 
the state of quiescence the slower was the re tu rn to the 
normal state. 
2 .2 .3 . Relative Humidity 
Nematodes exposed to air not saturated with water 
vapours lose moisture and are inactivated or killed, while 
slower drying such as in plant tissue or mud increased 
survival (Womersley et al., 1998). However, there is no 
nformation available on the long term siirvival of the J2 of 
Meloidogyne spp. in relation to relative humidity of air. 
2 . 3 . POPULATION DYNAMICS 
The dynamics of population and survival during 
relatively long periods of adverse conditions is one of the 
areas critical to the development of the integrated 
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nematode management systems. Survival during adverse 
conditions is influenced by many different factors. Some 
of these factors, such as temperature and moisture have 
been studied on Meloidogyne spp. (Van Gundy, 1965; 
1976; 1985). The root-knot nematode, Af. triticoryzae are 
able to multiply on rice and wheat crop in the cropping 
system. Wheat crop serves as a green bridge in the colder 
season, t hus resulting in rapid build up of the 
population densities on the subsequent rice crop. This 
nematode completed at least 3 generations in the 
upland irrigated rice and 2 generations in the wheat 
crop (Gaur, 1993). Based on high frequencies and 
population densities, M. salasi was the most important 
nematode species associated with rice in the southern 
eastern par t of the Costa Rica (Lopez et al., 1987). 
Numbers of M. graminicola juveniles were reduced by 
85% when mustard {Brassica campestris) and guzitil 
(Guizotia abbysinica) were mixed sown in winter followed 
by mixed sowing of deepwater rice (DWR) with sesame 
[Sesamum indicum). There was 65% reduction when 
mustard was grown alone followed by DWR mixed with 
millet {Setaria italica). Reductions of 18 and 14% were 
obtained when khesari [Lathyrus sativum) and mustard , 
respectively, preceded DWR (Rahman, 1990). 
Hota and Pradhan (1990 observed tha t nematode 
population density decreased with depth and was 
greatest in the upper 5cm. Minimum population density 
occurred in August and maximum in the 2wk of 
November. Gaur (1993) observed that the population 
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density of M. triticoryzae J2 in the silty clay loam soil 
was very low during April to mid-July. It increased 
slightly after irrigation or rainfall in July before the rice 
t ransplant . During the upland irrigated rice crop the 
population density of J2 in soil remained low until the 
mid-October when a very high peak was attained with 
up to 30 J2/cm3 in some soil samples. This peak 
persisted till November. The population density declined 
in winter. In the wheat crop it increased again to at ta in 
a second peak in the end of February or first week of 
March (Gaur 85 Singh, 1993). This second peak was lower-
than the first peak of October-November. The plant-
parasi t ic nematodes were influenced by several factors in 
the soil environment which were altered due to the 
pract ices of puddling and submergence (Gaur 85 Singh, 
1993; Gaur, 1994a). Pokharel (1993) found highest 
nematode population in soil in unweeded fallow fields and 
the lowest in ploughed fields. Population in soils 
declined faster than in root collected from rice stubbles. 
Meloidogyne graminicola was mostly observed in 
non-permanently flooded fields, light soil areas and 
where farmers were practicing intermittent irrigation 
(Prot et al, 1994a; Garg et al., 1995). Survey conducted 
by Nath et al. (1994) in 3 distr icts of Tripura State 
revealed that M. graminicola and other plant-parasi t ic 
nematodes were the most predominant nematode species 
with high frequency in rice crop. Sperandio and Amaral 
(1994) detected M. graminicola in flooded rice. The 
prolonged flooding employed in potato fields rotated 
15 
with rice significantly reduced populations of root-knot 
nematode in sandy loam and clay loam soil. Puddling 
reduced aeration and gave high moisture levels for 
prolonged periods which allowed poor respiration and 
movement of nematodes . The population densit ies of M. 
graminicola, M. triticoryzae and Tylenchorhynchus spp. 
were significantly reduced. Moisture regimes with 
submerged soil for 45d after transplanting and al ternate 
irrigation, therefore, in puddled and non-puddled fields 
were best for reducing plant-parasitic nematode 
densities and increasing crop performance (Garg et 
al, 1995). 
The prevalence and mean population density of M. 
graminicola were greater in flooded fields than in upland 
fields. The growth and yield of rice cv. UPLR15 were 
reduced when cultivated under upland condition in green 
house. These nematodes were well adapted to irrigated 
conditions and shallow flooding did not affect their 
reproduction (Prot & Matias, 1995). 
Sharma and Singh (1995) studied the population 
dynamics of root-knot nematode, M. incognita in 
microplots and observed that the population declined 
rapidly under rice-wheat rotation, being 12, 4, and 0 
J2/250cm3 soil at the end of the wheat crop in the 
first, second and third year of the rotation, respectively. 
Due to heavy infestation some forced feeding was 
observed on rice roots in first year which declined in 
the second year and could not be observed at all 
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in the third year. No nematode feeding was observed on 
wheat root even in the first crop either after rice or 
moong . In the moong crop grown after 3y of rice-wheat 
rotation, root-knot nematode could not be observed 
in soil or in roots at the end of the crop as compared 
to 636 J2/250cm3 soil and 7.79 RGI (Root gall index 
0-10 scale) observed in crop grown after moong-wheat 
rotation and 11456 J2/250cm3 soil and 8.83 RGI in 
moong grown after moong-gram rotation. 
2 . 4 . TILLAGE, NUTRIENT AND WATER MANAGEMENT 
ON THE POPULATION BEHAVIOUR OF ROOT-
KNOT NEMATODE IN RICE 
Rice is grown mainly in areas with abundant rain 
or irrigation water and in soils which retain water for 
long periods. When grown in better drained soils, certain 
alternations in the soil characteris t ics become essential 
in order to improve the free water retention in 
the soil. The soil is submerged for the whole or a part of 
the paddy crop season. However, in areas with limited 
water resources this practice becomes inconvenient and 
expensive and also causes scarcity of groundwater if 
irrigation is based up on underground water sources. 
2 .4 .1 . Puddling 
In order to maintain water logged conditions needed 
by rice, the soil is usual ly puddled. Bodman and Rubin 
(1948) reported that puddling resulted the destruction of 
soil aggregation and, decreased macro-porosity which 
were desirable for rice cultivation. The soil-borne 
pathogens, especially the plant-parasi t ic nematodes were 
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influenced by several factors in the soil environment 
which were altered due to the practices of puddling 
and submergence (Gaur & Singh, 1993; Gaur, 1994a). 
Puddling reduced aeration and gave high moisture levels 
for prolonged periods which allowed poor respiration and 
movement of nematodes. Population densities of M. 
graminicola, M. triticoryzae and Tylenchorhynchus spp. 
were significantly reduced. 
2 . 4 . 2 . Submergence 
It has been shown tha t instead of deep standing 
water (submergence) only maintenance of saturat ion of 
soil with water is sufficient for many varieties of rice 
(Matsushima, 1962). It is likely that maintenance of 
submergence for a par t of the season was sufficient 
to grow a successful crop, which resul ts in economy 
of water and energy (Chaudhary, 1978). The influence 
of M. graminicola infection was studied by Prasad et al., 
1990 under simulated rainfed lowland conditions, in 
which he observed that p lant height was reduced by 5 .1-
19% and 4.2-55.4% in the nematode infected plants at 5 
and 15 days after submergence, respectively. Moisture 
regimes with submerged soil for 45d after t ransplant ing 
and alternate irrigation thereafter, helped in reducing 
plant-parasi t ic nematode densi t ies and increasing crop 
performance in puddled and non-puddled field (Garg et 
al., 1995). Shallow flooding reduced the percentage of 
roots damaged by the nematode, resulting in an absence 
of yield-reducing effect by nematode under irrigated 
conditions ( Prot 86 Matias, 1995). 
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2.4 .3 . Nutrients 
Fademi (1987) observed that the population density 
of the nematodes, Meloidogyne and Hirschmanniella 
decreased under sufficient water condit ions, increased 
fertilization with mineral nitrogen and herbicide 
application. Fademi (1988) found that seedlings of rice 
cv. Faro 11 (OS6) inoculated with 600 eggs and second 
stage juveniles of M. incognita and fertilized with 
ammonium sulphate at 45kgN/ha had increased seedling 
vigour; a much reduced nematode recovery rate and 
less galling were observed compared to the unfertilized 
control. 
In the susceptible cultivars root-knot nematode 
infestation increased with nitrogen levels up to 80kg /ha 
but decreased markedly at 120kg/ha (Swain & Prasad, 
1991). The nitrogen concentration in roots positively was 
correlated with initial nematode population (Pi) and the 
number of juveniles recovered from the roots (Prot et ah, 
1994). Nitrogen application increased growth and yield 
whether plants were infested with the nematode or not. 
The population density was not significantly affected by 
the main effect of nitrogen level or by the interaction 
effect of nitrogen level with puddling pract ices, al though 
lower population densit ies were generally observed in 
plots supplied with very high nitrogen levels of 150 
and 200kg/ha as urea. However, because the percentage 
of yield loss remained approximately constant for a 
given Pi across the range of nitrogen quanti t ies applied, 
nitrogen application did not appear to reduce the 
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relative nematode effect (Prot et al., 1994). Kaushal 
(1998) observed that nu t r i en t s when applied 
alternatively in rice and wheat crops had little effect 
on the populat ions of Tylenchorhynchus mashhoodi, M. 
triticoryzae, Helicotylenchus and Pratylenchus spp. in a 
field following rice-wheat cropping system. 
2.5. NEMATICIDES 
Nematicide use has been found to suppress 
nematodes and improve performance of rice crop all over 
the world including India (Prasad et al., 1986; Prasad, 
1990). Exposure of larvae of M. graminicola to chemical at 
sub-lethal concentrations affected the rate of invasion 
and development of the nematodes . Fensulfothion, 
oxymal, phorate and propenal at 50ppm and above and 
carbofuran at 200 ppm showed pers i s tan t toxicity (Prasad 
85 Rao, 1980). Application of nematicides such as aldicarb 
and carbofuran (Patel et al., 1981) were proved effective 
for nemtode management in tobacco. Attempts have been 
made to reduce nematicide use and improve efficacy 
through t rea tment of seed, seedlings and nursery-beds . 
2 .5 .1 . Field Application 
Fenamiphos significantly reduced the root-knot 
index 60day after seedling (DAS) while terbufos 
significantly increased the density of juveniles and eggs 
of M. salasi in roots 60DAS. Both the nematicides 
significantly reduced nematode densi t ies at harvest 
(115DAS) (Lopez & Salazer, 1989). Rahman (1991) applied 
carbofuran, aldicarb, ethoprophos and fenamiphos at 1, 
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3, 5 and 5kga.i . /ha for the control of M. graminicola in 
deep water rice in field and pot experiments. He 
observed that the nematode population in the soil, 
percentage of plant infestation, number of galls and 
mature females in the root were significantly reduced 
in treated plots. Yield difference between nematicide 
treated and untreated soil was insignificant in the field. 
No significant differences were found in the 
population densities of M. salasi on rice cv. Oryzica-1 
when treated with either terbufos lOG or ethoprophos 
15G under field conditions (Lopaz et ah, 1994). But when 
the same experiment was conducted without nematicides 
under green house conditions, there were highly 
significant differences between the root-knot index, root 
fresh weight and reproduction index. Kalita and Phukan 
(1995) observed that chlorpyriphos, carbosulfan and 
monocrotophos were significantly effective over the 
pesticides in reducing galls and nematode population 
in root system and soil. Carbofuran, phorate, isozophos, 
car tap, carbosulfon or quinalphos pesticides significantly 
reduced galling at Ikg /ha or above, the greatest 
reduction in galling (82%) occurring with carbosulfon at 
2 kg was noted by Panigrahi and Mishra (1995). 
2.5 .2 . Nursery-Bed Treatment 
The rice root-knot nematode, M. graminicola 
generally attacked the nursery and upland rice causing 
up to 50% loss under severe infestation (Rao & Biswas, 
1973). Nematicides reduced the nematode population in 
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nursery-beds as well as in the field to a varying degree. 
Carbofuran, phorate, isazophos and fenamiphos have 
been found effective in controlling nematodes in rice 
in the different conditions (Anon., 1980; 1982). Furadan 
reduced the population of M. incognita in rice (Fademi, 
1984). Phenamiphos being an effective nematicide 
significantly checked root-knot disease even up to 69 DAS 
and consequently enhanced the production of healthy 
t ransplants over control but could not check weak 
population (Patel et al, 1993). 
2.5 .3 . Seed Soaking 
Significant reduction of number of galls, eggmasses , 
adults and other developmental stages of the root-knot 
nematodes were observed in isofenfos and carbosulfan 
(Prasad et al., 1986). Furadan lOG was the most effective 
of seed t reatments tested for protecting seedlings from 
M. incognita infestation. Soil application with furadan 
lOG at 2kga. i . /ha 13d after planting, or 3 k g a . i . / h a 35d 
after planting gave good control (Fademi, 1987). Seed 
treatment with nematicides has been used successfully to 
control root-knot nematodes in various crops (Borah 8& 
Phukan, 1990; Prasad 86 Chawla, 1991). Rice seeds 
soaked in carbosulfon, monocrotophos, t r iazophos or 
phosalone at 0 .1 , 0.05, or 0.025% reduced the number of 
galls and eggmasses of M. graminicola significantly with 
the maximum reduction (82.06%) occurr ing with 
carbosulfon at 0 .1% (Mohanty et al, 1993; Rahman & 
Das, 1994). 
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Singh et al. (1998) observed t h a t the g r a n u l e s of 
carbofuran , oncol, p a d a n or rugby @ 1 or 2 k g a . i . / h a 
reduced the root -knot index due to M. graminicola and M. 
triticoryzae s ignificantly, at higher dose ; rugby 
significantly reduced the root-knot index at bo th the 
doses . Combina t ions of soil and seed t r e a t m e n t s were 
more effective in reduc ing the root -knot index. 
2 .6 . SOIL SOLARIZATION 
2 . 6 . 1 . Effect of Soi l So lar izat ion alone on R o o t - k n o t 
Nematode 
The prac t ice var ious ly known as solar hea t i ng , soil 
solar izat ion, p las t ic or polyethylene ta rp ing or mu lch ing , 
solar pas t eu r i za t ion (Katan, 1980; 1981) h a s been 
developed as a method of soil d i s in fes ta t ion by a 
team of Israel i workers (Katan et al., 1976). Mulching 
also served to limit evaporat ion of water from soil, 
control weeds , improve ti l th and m a n a g e e ros ion . 
With the adven t of p las t i c , black polyethylene film was 
employed as a mulch to warm the soil to i nc r ea se seed 
germinat ion and p lan t growth dur ing late w in te r or ear ly 
spr ing m o n t h . However, colour less t r a n s p a r e n t s h e e t s a re 
more effective t h a n b lack shee t s . Thin po lye thy lene 
shee t s (0 .03mm, 0.05mm) have been found to be more 
effective for solar iza t ion than thick ones d u e to be t t e r 
rad ia t ion t r a n s m i t t a n c e (Pullman et al, 1979; Horowitz, 
1980; Car t i a , 1985; G a u r 86 Perry, 1991 ; Mejias et al, 
1995). 
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Several studies have proved the efficacy of soil 
solarization in many par t s of the world (Chen St Katan, 
1980; Katan, 1981; Cartia, 1985, Garibaldi, 1987; 
Chauhan ef aZ., 1988; Gaur 86 Dhingra, 1991; Kamra 86 
Gaur, 1998). Other beneficial effects are: control of 
v^^eeds and insect pes ts , release of certain plant 
nutr ients and soil moisture conservation (Horiuchi, 
1984; Katan, 1981; Stapleton 86 De Vay, 1983; 1986; 
Gaur 85 Perry, 1991) (Table-II). 
This technique can also be economically employed to 
reduce many plant-parasi t ic nematodes especially in 
nursery-beds. Significant decreases have been achieved 
in the population densi t ies of plant-parasi t ic nematodes 
(Katan, 1981; Gaur 86 Perry, 1991). Hovi^ever, the resu l t s 
have been highly variable, especially with Meloidogyne 
species (Katan, 1981; Stapleton et al., 1987) probably 
due to difference in soil character is t ics , available solar 
radiation and survival mechanisms of these nematodes . 
Stapleton and De Vay (1986) reported tha t 
solarization failed to control M. incognita and 
Paratylenchus neoamblycephalus. Braun et al. (1987) 
recorded a soil temperature of 48°C at 5cm depth under 
polyethylene sheet in Sudan result ing in 64-100% 
reduction in root-knot nematode population after 30d. 
A reduction of 83% in the population density of M. 
javanica and 60% was correlated with increase in the 
yield of eggplant following solarization with thin 
t ransparent polythene sheets . 
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Table-2 Soil solarization for the control of root-knot nematodes. 
Nematode Species 
Meloidogyne spp. 
Meloidogyne spp. 
Meloidugyne spp. 
Meloidog}'ne spp. 
Meloidogyne spp. 
M arenaria 
M. incognita 
M. javanica 
M. incognita 
M. incognita 
M. incognita 
Meloidogyne spp. 
Tylenchorhynchus 
R. reniformis 
M. incognita 
M incognita 
M. javanica 
M. incognita 
M. javanica 
M. javanica 
M. javanica 
M. incognita 
R. reniformis 
Crop 
Sweet potato 
Aubergine 
Superficial soil levels 
Rice seedling 
-
Tomato 
plant 
-
Tobacco 
Tobacco 
{bidi) 
Greengram 
Nursery-bed 
(Tobacco) 
Capsicum 
Egg plant 
Grape 
Nursery-bed 
(Brinjal) 
Place 
U.S.A. 
Sudan 
-
India 
India 
USSR 
-
Badajoz 
(Spain) 
India 
India 
India 
India 
Italy 
Israel 
Australia 
India 
References 
Stevens c/a/. (1989) 
Braune/a/. (1987) 
Kallel&Schiffers(1991) 
Katan(1981), Stapleton 
etal. (1987) 
Ganguly e/a/. (1996) 
Arutyunov(1985) 
Javede/a/.(1994) 
Mejiase/a/.(1995) 
Patel e/a/.(1987;1991a,b;I995a,b) 
Patel & Makwana (1992) 
Kamra&Gaur(1995) 
Ravindrae/a/. (1997) 
Cartia& Greco (1987) 
Stephane/a/. (1989) 
Walker &Watchel (1988) 
Gaur&Dhingra(1991) 
Plant-parasitic nematode Nursery-bed 
Root-knot and stunt nematode Seedling 
Basmati-370 
India 
India 
Gaur& Perry (1991) 
Gaur (1994c) 
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Patel et al. (1991a) studied the effect of five plastic 
films, viz., LDPE black (Linear Low Density Polyethylene 
black, 400 gauge), clear (400 gauge), HMHDPE (High 
Molecular High Density Polyethylene, 150 gauge) and PP 
(Polypropylene, 100 gauge) for two months (AprillS-
June lS) during summer in bidi tobacco nursery. They 
reported that all the t reatments significantly increased 
the number of t ransplants over control. Beds tarped 
with LDPE clear (400 gauge) film yielded 215-152% 
higher number of the t ransplants and total surviving 
seedlings, respectively. It also reduced root-knot disease 
and weed population to the tune of 58 and 77% 
over control giving an incremental cost : benefit ratio 
(ICBR) of 1:1.97. Similar resul ts in bidi tobacco and 
tomato nursery were also obtained by Patel 86 Makwana 
(1992) and Patel et al. (1991b) respectively. Soil 
solarization was found to be very effective in controlling 
M. incognita and R. reniformis in nursery-beds (Gaur 8B 
Dhingra, 1991) (Table-II). 
Kallel and Schiffers (1991) observed that simulated 
soil solarization appeared to be very efficient against 
root-knot nematodes larvae but only on the superficial 
soil levels. Soil solarization with double clear sheets 
caused the maximum reduction of nematode population 
(84.11%) whereas solarization with double black, single 
clear and single black sheets reduced nematode 
population by 80.96, 75.51 and 70.46% respectively. The 
root-knot disease development was also singnificantly 
reduced (Javed et al., 1994). Small quant i t ies of soil for 
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nursery-beds or pot cultures also made free of 
nematodes, M. incognita and other soil-borne pathogens 
in a short period of time by soil solarization in sealed 
polyethylene bags (Kamra & Gaur, 1995). 
Ganguly et al. (1996) observed that mulching 
significantly increased rice seedling growth; the plant-
parasi t ic nematodes were reduced by 50-87% in the 
solarized beds. The decrease in root-knot nematode 
population was most notable. Soil solarization by 
covering the nursery-beds with t ransparent polyethylene 
sheets during the hot summer months (March 85 
April) significantly reduced the root-knot index of 
tobacco (Ravindra et al., 1997). Soil solarization using 
thin t ransparent polyethylene mulches for a period of 
3 and 6wk, alone and in combination of farmyard 
manure and mahua cake reduced significantly the 
populat ion densities of Hoplolaimus indicus and 
Tylenchorhynchus vulgaris in nursery-beds (Kamra 8& 
Gaur, 1998) (Table-Il). 
2 . 6 . 2 . Effect of Combinations of Soil Solarization and 
Nematicides 
Many reports show that soil solarization alone is 
effective and combinations with nematicides enhance 
efficacy. Ethylene dibromide with soil solarization was 
found to be very effective for reducing the population 
of plant-parasi t ic and free living nematodes by 85-
100% and 95-99%, respectively' (Barbercheck 85 
Broembsen, 1986). 
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Reduction in nematode populations and subsequent 
increase in plant growth were greater following soil 
solarization plus 1, 3-D than with solarization alone 
(Stapleton 85 De Vay, 1986). Soil solarization has been 
found to reduce nematode population densities 
comparable to chemical treatment. Control of M. incognita 
and Criconemoides xenoplax (now Macroposthonia 
xenoplax) and Pythium ultimum was more efficient with 
solarization alone than with use of nematicides 1, 
3D, ethoprops, metham sodium or formaldehyde alone 
or in combination with solarization (Stapleton et al., 
1987) (Table-Ill). Soil solarization integrated with isazofos 
application gave better control of Meloidogyne spp. on 
tomato than when used alone (Osman, 1991). 
Kamra and Gaur (1993) found that population 
density of M. incognita (J2) was reduced to undetectable 
levels by solarization alone, while the formalin treatment 
caused only 33% decline, compared to 13.3% decrease 
in control. The root galling of the eggplant seedlings was 
reduced by 66.7% with solarization, 73.3% with formalin 
and 86.7% by their combination. The soil t reatment with 
formalin and solarization could provide better nematode 
control. 
Gaur (1994c) observed that soil solarization gave 
excellent control of plant-parasitic nematodes resulting in 
80 and 90% reduction, respectively, in the population 
densi t ies of the s tunt and root-knot nematodes and 
significantly improved the growth of Basmati-370 rice 
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seedlings. The nematicides, carbofuran and phorate 
applied at the time of sowing rice caused 36-70% 
reduction in Meloidogyne spp. and 27 and 59% decrease 
in Tylenchorhynchus spp. densit ies, respectively. A 
combination of soil solarization for 3wk and application 
of phorate lOG @ 2kga. i . /ha gave the best nematode 
control and provide almost gall free healthy rice 
seedlings (Table-Ill). 
The decomposition of organic amendments releases 
some toxic substances into the soil which may be 
nematicidal (Gamliel & Stapleton, 1995). Polyethylene 
mulch, besides accumulating solar heat, t raps these 
toxic products within the soil and prevents drying of 
the amendments by conservation of soil moisture. The 
control was effected by exposure to sub-lethal 
temperatures for long periods and the accumulation 
of toxic gases which result in increased mortality, 
reduced infectivity and longevity of the pests . Summer 
soil solarization treatment together with the use of 
carbosulfan-treated okra seed at 3.0% a.i. (w/w) resulted 
in increased kg yield/plot and lowered root-knot index 
(Jain & Gupta, 1996). 
Different tarping periods viz., 4wk, 6wk, and 8wk, 
were tested alongwith a nematicide rugby at very low 
dosage. Solar tarping was found to be significantly 
beneficient when compared to non-tarping. Four week of 
tarping was found to be sufficient (Ravindra et al., 1997) 
(Table-Ill). 
TabIe-3 Effect of combination of soil solarization (ss) and nematicides. 
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Nematode Species Crop Nematicides References 
Meloidogyne spp. 
Meloidogyne spp. 
Tylenchorhynchus spp. 
M incognita 0:^ 
M.javanica 
M.javanica 
Macroposthonia xenoplax 
+Pythium ultimatum 
Nematode population 
Plant-parasitic nematode 
Meloidogyne spp. 
Tylenchorhynchus spp. 
R reniformi 
Meloidogyne spp. 
Tylenchorhynchus spp. 
R.reniformis 
Tomato 
Rice seedling 
£ggplant 
Okra seed 
Eggplant seedling 
Nursery-beds 
{bidi Tobacco) 
Seedling 
{bidi Tobacco) 
SS+Isazofos 
SS+Phorate 
SS+Formalin 
SS+Fenamiphos 
SS+Carbosulfan 
SS+1,3-D, 
Ethoprops, 
Metham Sodium 
+Formaldehyde 
SS+1,3-D 
SS+Ethylenedi-
bromide 
Clear plastic-
tarping+Carbo 
furan 
SS+Dazomet+ 
Sebufos+Pheno-
miphos 
Osman(1991) 
Gaur (1994c) 
Kamra&Gaur(1993) 
Stephane/o/. (1989) 
Jain & Gupta (1996) 
Stapleton e/fl/. (1987) 
Stapleton & De Vay (1986) 
Barbercheck&Broembsen (1986) 
Patel & Makawana (1992) 
Patel&Patel(1998) 
Soil borne pathogen Tarping+Rugby Ravindra e/a/. (1997) 
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Patel and Patel (1998) observed tha t the treatment 
by soil solarization, dazomet, sebufos and phenamiphos 
significantly reduced root-knot index over control. 
Dazomet suppressed the population of s tun t , root-knot 
and reniform nematodes till the end, while soil 
solarization, rabbing, sebufos, phenamiphos and 
carbofuran reduced the population of the nematodes at 
seedling stage. 
2.7. CYANOBACTERIA 
The nitrogen fixing blue-green algae (Cyanobacteria) 
are known to play significant role in maintaining the 
fertility of soil, especially in rice fields (De, 1939). 
The plant-parasi t ic nematodes in soil environment are 
associated with a number of organisms as antagonists 
or na tura l enemies and plant complexes. However, very 
little is known about the interaction between blue-green 
algae and plant-parasit ic nematodes. 
2 .7 .1 . Marine Algae 
Some marine algae, such as Ulva lactuca (Pracer et 
ah, 1987; Tarjan et al., 1988), Ascophyllum nodosum 
(Whapham et al., 1994) and brown kelp, Ecklonia maxima 
(Waele et al., 1988) have been found to have some 
nematicidal properties and have been used to produce 
some commercial products which control plant diseases 
and nematodes including Meloidogyne spp. Goswami 
(1993) reported that A. nodosum inhibited penetration, 
gall index and soil population of M. incognita by 8.0, 
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2.25 and 7 times, respectively and increased total 
biomass of brinjal plant by 1.5 times in 30-37 days. 
2 .7 .2 . Terrestrial Blue Green Algae 
Kaul and Chhabra (1993) obtained significant 
reduction in the root galling of M. incognita and 
increased fruit yield of aubergine and okra by 
amendment of soil with organic wastes and dried 
algal catch which might have contained green and blue-
green algae. Kumar et al. (1993) and Dhanam et al. (1993; 
1994) and Sowjanya et al. (1994) had reported parasi t ism 
by the cyanobacteria, Microcoleus vaginatus and M. 
lacustris in some soil and plant nematodes . 
Gaur (1995) found that the cyanobacteria, Aulosira 
fertilissima and Nostoc muscorum had certain 
nematostat ic and /o r nematicidal activity which caused 
hatch inhibition and mortality of the root-knot nematodes 
M. triticoryzae. This appears to be the first report of 
nematotoxic properties of terrestrial cyanobacteria. Khan 
et al. (1997) also observed that the culture filtrate of 
blue-green alga, M. vaginatus killed the juveniles of M. 
incognita and inhibited egg hatching. The increase in 
the durat ion of juvenile exposure to the filtrate and its 
higher concentrat ions increased the effect. 
Three blue-green algae, Anabaena oryzae, Nostoc 
calcicola and Spirulina spp. were tested against M. 
incognita infecting cowpea (Youssef 86 Ali, 1998). Nostoc 
calcicola was superior to the other two blue-green algae in 
reducing the number of nematode galls and egg masses 
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as compared to the unt rea ted control. In combined 
t reatments , the three algae together achieved the highest 
significant reduction in the number of galls and egg 
masses. All the t rea tments significantly improved plant 
growth and increased the number of rhizobium nodules 
(Youssef 86 Ali, 1998). 
2.8. HISTOPATHOGENESIS OF ROOT-KNOT NEMATODE 
INFECTION 
The root-knot nematodes infect the roots of various 
plants and induce gall formation at the terminal or sub-
terminal positions of the affected roots and other 
underground plant par t s . Bird (1962) and Haung fis 
Maggenti (1969), while studying the histopathological 
changes in infected roots, remained mainly concerned 
with the giant cell formation . Christie (1936), Krusberg 
and Nielson (1958) and Siddiqui and Taylor (1970), on 
the other hand, noticed the occurrence of abnormal 
xylem. A few at tempts have been made to study the 
atypical xylem formation (Swamy 86 Krishnamurthy, 1971; 
Farooq, 1973). Division of endodermal cells into two or 
more layers and suppression of cork cambium due to 
infection by Meloidogyne spp. has been observed (Trivedi, 
1978). 
Both the cortical and stelar systems were 
disorganized, and the general histological appearance of 
the cells had been unrecognizably changed in the 
vicinity of the parasi tes (Tandon 86 Parveen, 1978), as 
also observed by Orr and Morey (1978) in grain 
sorghum roots infected with M. incognita. Second stage 
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infective juveniles cause hyperplasia of protophloem and 
abnormal xylem proliferation around the giant cells in 
roots. These changes together result in swellings at sites 
in stele and also in the surrounding cortex forming 
distinct galls. 
Some histopathological changes brought about by 
Meloidogyne spp. involve the formation of several 
atypical t issues as giant cells, abnormal xylem, 
hyperplastic parenchyma, hypertrophy and fissuring of 
conducting tissue had been reported in rice (Padhi 86 
Patnaik, 1988). The nematode produces enzymes or 
metabolites in their exudates that induce the host to 
form galls (Loewenberg et al., 1960b). Giant cells induced 
by M. naasi in wheat roots were smaller than those in 
tomato (Bird, 1961; Christie, 1936). After 9d the increase 
in the number of nuclei in giant cell was due to 
synchronous mitotic divisions (Siddiqui 86 Taylor, 1970; 
Bird, 1961; Owens 86 Specht, 1964). A number of workers 
have observed the phloem region as the feeding site for 
nematode (Krusberg 85 Nielson, 1958; Siddiqui 86 Taylor, 
1970) but Siddiqui and Ghouse (1975) observed the 
lacking of phloem in the infected roots of the root-knot 
nematodes. Tandon and Kumar (1978) found well marked 
giant cells. Number and size of giant cells also varied. 
The giant cell nuclei were both scattered and in c lusters . 
Extensive hyperplasia and disorganization of 
cortical layers occurred. Giant cell formation in M. 
lucknowica (now M. javanica) was observed in the cortical 
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cells and in the s te lar region of eggplant and these were 
mostly surrounded by thick walls. Such cells were also 
found in the stele of wheat and oat roots infected by M. 
naasi (Siddiqui 86 Taylor, 1970). Development of excessive 
abnormal xylem h a s been found in certain hosts (Siddiqui 
et al., 1974). Taylor (1976) observed giant cells mostly 
in the region of phloem, and a few in xylem and cortical 
t issue. He noted thin walls in the giant cells bu t Tandon 
and Parveen (1979) observed a few giant cells in the 
cortex which were mostly surrounded by thick wall. 
Vacuolated giant cells were also present towards the pith 
region. The stele system of root was completely 
disorganised, when paras i tes reached there. 
The above review of li terature clearly reveals that 
not much information is available on different aspec ts 
related to M. graminicola, M. triticoryzae in wheat-r ice 
cropping system. The present thesis emboides the resu l t s 
of different experiments as listed below: 
Experiments were carried out to s tudy the 
following: 
(i) Survival of the root-knot nematode, Meloidogyne 
triticoryzae in infested soil at varying mois ture 
levels without host , 
(ii) Survival of root-knot nematode, M. triticoryzae J2 
inoculated in sterilized soil in relation to soil 
moisture level, 
(iii) Relative desiccat ion survival potential of two root-
knot nematode spp. , M. triticoryzae and M. 
incognita, 
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(iv) Population dynamics of root-knot nematodes under 
five rice-based cropping systems, 
(v) Effect of tillage and water management on the 
population behaviour of M. triticoryzae in rice, 
(vi) Effect of nematicide application in nursery-beds 
and main field on the root-knot nematode, M. 
triticoryzae and performance of the rice crop, 
(vii) Integrated management of root-knot nematodes in 
wheat-rice cropping system , 
(viii) Effect of cyanobacteria, Aulosira fertilissima in the 
bio-regulation of root-knot nematodes, M. 
triticoryzae and M. incognita and 
(ix) Histopathology of wheat roots infected with root-
knot nematode, M. triticoryzae, 
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MATERIALS AND METHODS 
3 .1 . GENERAL METHODS 
3 .1 .1 . Collection of Infested Soil and Maintenance of 
Stock Cultures 
Silty clay loam soil infested with root-knot 
nematodes, M. triticoryzae and M. incognita was collected 
from the top 30cm layer of rice (Oryza sativa) and 
eggplant (Solanum melongena) growing fields, 
respectively, of I.A.R.I. Farm, New Delhi during 1996-
1997. Four week old rice cv. Pusa Basmat i -1 and tomato 
cv. Pusa Ruby seedlings raised on nematode free soil 
were t ransplanted in the respective soils in pots. 
After 4wk the plants were depotted and infected 
roots /eggsacs were collected. The freshly hatched second 
stage juveniles (J2) were used for rais ing cul tures of M. 
triticoryzae and M. incognita Race-1 , respectively. The 
identity of the species was confirmed based on 
morphological features as per Gaur et al. (1993a) and 
Jepson (1987). The stock cul tures of M. triticoryzae were 
raised on rice Oryza sativa cv.Pusa Basmat i -1 in Kharif 
and wheat Triticum aestivurri cv. HD-2329 in Rabi while 
those of M. incognita were main ta ined on eggplant 
Solanum melongena L., cv. Pusa Purple Cluster. The 
culture pots were kept in a polygreen house maintained 
at 25-350C for most of the t ime, however, night 
temperatures in winter went as low as S^C sometimes, 
for which no records could be main ta ined . 
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3.1 .2 . Extraction and Estimation of Nematode 
Population in Soil 
Samples of lOOcm^ soil were processed by Cobb's 
sieving (20-500 mesh sieve) and decanting method (Cobb, 
1918). The suspension so obtained was allowed to settle 
for 2h or more and the supernatant was decanted. The 
nematodes were extracted by centrifugal sugar-floatation 
technique (Jenkins, 1964). The population density of M. 
triticoryzae and M. incognita J2 was estimated by 
counting the number of J2 in a 5% aliquot of the 
suspension under a stereoscopic binocular microscope 
at 50x magnification using transmitted fluorescent light. 
3 .1 .3 . Steril ization of Soil 
Silty clay loam soil was collected from the top 
30cm layer of rice growing fields. The soil was 
thoroughly mixed and kept in an oven at 80°C for 3-4d. 
The sterilized soil was allowed to cool to room 
temperature and rested for at least Iwk before being 
used for experiments. 
3.1 .4 . Raising Pure Culture of Root-Knot Nematodes 
(a) Meloidogyne triticoryzae 
The pure culture of the root-knot nematode, M. 
triticoryzae was raised on rice and wheat plants using 
single root galls collected from heavily infected rice root. 
The gall containing gelatinous eggsac inside was allowed 
to hatch on a coarse sieve lined with double layered 
t issue paper over tap water at 28jil°C in a BOD 
incubator . Rice cv. Pusa Basmati-1 (in Kharif] and wheat 
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cv.HD-2329 (in Rabi] seedlings grown in 30cm diameter 
ear thern pots containing steam sterilized soil were 
inoculated with second stage juveniles so obtained. 
Nematode eggmasses from these plants were then used 
for multiplying the culture. For the identification and 
verification of species, perineal pa t te rns of females and 
morphology of second stage juveniles and males were 
examined and compared with the original description 
of M. triticoryzae (Gaur et al., 1993a). 
(b) Meloidogyne incognita 
The pure culture of the root-knot nematode, M. 
incognita (Kofoid and White, 1919) Chitwood, 1949, Race-
1 was raised on tomato cv. Pusa Ruby plants us ing 
single eggmass collected from heavily infected tomato 
root from I.A.R.I., New Delhi Farm. The eggmass was 
allowed to hatch in the manner described earlier. Egg 
plant cv. Pusa Purple Cluster seedlings grown in 30cm 
diameter earthern pots containing steam sterilized soil 
and FYM (10:1) were inoculated with second stage 
juveniles for further multiplication and maintenance of 
the cul ture. 
3 .1 .5 . Preparation of Nematode Inoculum 
For root-knot nematodes, M. triticoryzae and M. 
incognita, large numbers of heal thy eggmasses of tomato 
and root galls of wheat and rice were picked up with 
the aid of forceps and needle from the roots of heavily 
infected plants from the stock cul tures . These 
eggmasses/root galls were washed with distilled water 
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and kept over aluminium gauge in a way described in 
para 3.1.4. After 72h the suspension of second stage 
juveniles (J2) was collected from the Petridishes into a 
beaker. 
3 .1 .6 . Bioassay and Nematode Infectivity Tests 
A sample of lOOcm^ soil was filled in a plastic cup 
{7cTn diameter). Rice (cv. Pusa Basmati-1) or wheat (cv. 
HD-2329) seeds were sown @ 5 seeds /cup . The roots of 
one month old seedlings were carefully uprooted and 
washed thoroughly in clean water and the number of 
galls was counted (Gaur & Sharma, 1999). The whole root 
was stained in 0.1% acid fuchsin (Byrd et al., 1983) at 
90°C for 2min. It was allowed to cool, rinsed with water 
and then transferred to clear glycerin and left overnight 
to remove excess of the stain. The stained roots were 
pressed between two glass slides and the number of 
eggs, juveniles, females and males were recorded under a 
stereoscopic microscope. 
The details of each experiment have been presented 
separately in section 3.2. 
3 .1 .7 . Statistical Analysis of Data 
The data on root-knot nematode population 
densi t ies were subjected to analysis of variance after 
Vx+1 transformation. All the data on percentage 
hatching, inactivation or mortality were transformed to 
sine inverse for analysis of variance. The differences 
among means were tested at P>. 0.05 for significance 
using ANOVA and DMRT. 
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3 . 2 . EXPERIMENTAL PROCEDURE 
The specific methods applicable to the different 
experiments are stated in the following paragraphs : 
3 . 2 . 1 . Preparation and Estimation of Soil Moisture 
Levels 
For preparation of varying levels of moisture 
content , the infested soil was mixed by repeated 
quatering and coning technique and lots of 2kg each 
were spread over paper in a 5cm thick layer in shade at 
room temperature. To increase the moisture content from 
the existing levels, fine water spray was applied with 
s imul taneous mixing of soil till the approximately 
requisi t level was reached. For decreasing the moisture 
content the layers of the soil were allowed to be slowly 
air-dried for l-3d at room tempera ture . The per cent 
gravimetric moisture content was determined by oven 
drying at 105°C for 96h. Moisture tension was not 
determined, however, the same soil type was used for 
all the t reatments . 
3 .2 .2 . Storage of Soil at Varying Levels of Moisture 
Content 
After preparation of varying levels of moisture 
content (4, 8, 11.7, 16 and 20%), the soil was stored in 
properly sealed double polyethylene bags (Apt, 1975) at 
25°C in a BOD incubator up to 18m. All t reatments were 
replicated three times. The polyethylene bags were 
immediately re-sealed after taking out the samples for 
est imation of the nematode populat ion. 
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3 .2 .3 . Survival of Root-Knot Nematode, Meloidogyne 
triticoryzae in Infested Soil at Varying Soil 
Moisture Levels without Host 
Aliquots of 30cm3 soil each were drawn after 7, 15, 
30d and at monthly intervals thereafter up to 620d using 
Cobb's sieving and decant ing followed by centrifugal 
sugar floatation technique . Nematode population density 
was estimated (Sec.3.1.2.). Infectivity and development 
of surviving root-knot nematodes recovered from various 
levels of moisture s t r e s s for each sampling from the 
stored infested soil, were also determined by a bioassay 
(Gaur 8& Sharma, 1999) and staining roots with acid 
fuchsin (Sec.3.1.6.). 
3 . 2 . 3 . 1 . Survival of Root-Knot Nematode, 
Meloidogyne triticoryzae in Steril ized Soil 
in Relation to Soil Moisture 
Sandy loam soil, collected from I.A.R.I. farm. New 
Delhi, was sterilized by autoclaving in an oven 
(Sec.3.1.3.). Two s imul taneous 3 x 5 x 6 factorial 
experiments were conducted . A lot of 4kg sterilized soil 
was inoculated with 50 ,000 second stage juveniles of M. 
triticoryzae. It was divided into four lots of about 1kg 
each which were brought to four levels of moisture 
s t ress viz., wet (15.5%), moist (13.5%), dry 1 (10.6%) 
and dry 2 (1.6%) as described in Sec.3.2.1. and stored 
( Sec.3.2.2.) in sealed double polyethylene bags in a 
BOD incubator. Fifty g soil was filled in 6.5cm diameter 
ice-cream cups. Bioassay ( Sec.3.1.6 ) was done after 15, 
45, 75, and 105d. Seedlings of wheat were gently 
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uprooted after Im and the infectivity and development 
of the root-knot J2 were observed. 
3 .2 .3 .2 . Relative Desiccation Survival Potential of 
Two Root-Knot Nematode species, 
Meloidogyne triticoryzae and M. incognita 
3 . 2 . 3 . 2 . 1 . Relative Rates of Desiccation 
Individual active J2 of both the root-knot 
nematodes, M. triticoryzae and M. incognita within 48h 
of hatching were transferred in batches of 5 J2 to a 
drop of tap water on a clean glass microscope slide. 
All superficial water was removed from around the 
nematodes using a microcapillary pipette and strips 
of Whatmann filter paper. The slides were then placed 
in constant humidity chambers at approximately 25°C. 
Glycerol/water solutions (Grover 85 Nicol, 1940; 
Stakman, 1968 ) were used for attaining 60, 70, 80 and 
90% RH. The relative humidity was verified by using a 
hygrometer placed inside each of the chambers . 
Individual J2 were set to dry for different periods at 
various RH levels. After the desiccation period, a drop of 
liquid paraffin was applied immediately to cover the 
specimens and a cover slip placed in position. The 
nematodes were observed at 50x under a stereoscopic 
binocular microscope using t ransmit ted fluorescent 
light. When the J2 became almost invisible it was 
assumed that the refractive index of the J2 became equal 
to tha t of liquid paraffin and glass, i.e., approximately 
1.47. This occurs when the water content of nematode 
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body becomes equal to approximately 20% (Ellenby, 
1968). At water content different from 20% the nematodes 
remain visible. Thus, the technique was used to 
determine combinations of RH and period of exposure for 
reduction in water content of nematode body from the 
normal approximately 70%-20% for the J2 of M. 
triticoryzae and M. incognita at similar levels of RH. 
3 .2 .3 .2 .2 . Reactivation of Rehydrated Nematodes 
After desiccation for different periods at 60, 70, 
80 and 90% RH the J2 of M. incognita and M. triticoryzae 
were rehydrated by applying a drop of tap water. Each 
J2 sticking to the slide was moved slightly with a 
mounted hair . All the slides were kept over supports in 
covered Petridishes at 25oC. Tap water was added to 
the bottom of the Petridish in order to maintain near 
saturated ambient conditions. Reactivation was checked 
after of 5min and 12h by counting the numbers of moving 
nematodes. 
3.2 .4 . Population Dynamics of Root-Knot Nematodes 
Meloidogyne triticoryzae under Five Rice-
Based Cropping Systems 
A field with silty clay loam soil which had been 
under rice-based cropping system for the past lOy 
and infested with an average of 150 J2 of M. triticoryzae 
100/cm3 soil was selected for the study. The field 
was divided into 15 plots of 3m x 45m each, in 
which five cropping systems randomized and replicated 
three t imes were followed as under for two years , 1996-
1997 and 1997-1998: 
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Cropping System Kharif Rabi Summer 
11 
111 
IV 
Rice 
Rice 
Rice 
Rice 
Rice 
Wheat 
Wheat 
Berseem 
Potato 
Mustard 
Fallow 
Greengram 
Fallow 
Greengram 
Greengram 
Cultivars: 
Rice cv. Pusa Basmati-1 , Wheat cv. HD-2329, 
Berseem cv. Mescavi, Potato cv. Pusa Bahar in 1996 and 
Pusa Badshah in 1997, Mustard cv. Pusa Bold, 
Greengram cv. PS16. 
Four week old rice seedlings raised on nursery-beds 
treated with carbofuran @ O.lSga.i./m^ were t ransplanted 
in puddled field. Potato was planted using seed potato 
tubers while all other crops were raised by sowing 
seed. Recommended agronomical practices were followed. 
The transplanted rice crop had submerged soil 
for the first 45d followed by intermittent flooding up 
to a fortnight before harvest. The other crops received 
normally recommended frequencies of flood irrigation. 
The soil temperature and moisture could not be recorded 
in the experimental field, but the data on maximum 
and minimum temperature and rainfall at the farm were 
45 
obtained from the meteorological uni t of the Division of 
Agricultural Physics, I.A.R.I., New Delhi. 
Soil samples were collected at monthly intervals 
taking 12 cores per plot from which two sub-samples 
of 100/cm3 each were drawn. The population density 
of nematodes in one of the sub-samples was 
estimated, after storing for 2wk at 25-30oC, by the 
Cobb's sieving and decanting followed by centrifugal 
sugar floatation techniques. The other sub-sample was 
used for bioassay by growing rice cv. Pusa Basmati-1 
seedlings in Kharif and summer, and Wheat cv. HD-
2329 in Rabi in 6.5cm diameter plastic cups and 
observing root galling after 4wk in Kharif and summer, 
and 6wk in Rabi (Sec. 3.1.6). 
3.2 .5 . Effect of Tillage and Water Management on the 
Population Behaviour of Root-Knot Nematode, 
Meloidogyne triticoryzae in Rice 
A 600m2 field which was under rice-based cropping 
systems for more than 20y at I.A.R.I. research farm, 
New Delhi was chosen for these investigations. The soil 
characteristics including pH, organic carbon, particle 
size distribution and moisture retention, determined 
before the start of the experiment, are given in Table-
10. The soil was natural ly infested with the plant-
parasitic nematode, M. triticoryzae. The field was divided 
into 24 plots of 5 x 3.5m2 each. One set of 12 plots 
was subjected to puddling, while the other similar set 
was not puddled. Four moisture regimes, viz., cont inuous 
submergence (Ti), al ternate irrigation (no submergence) 
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up to 45d after t ransplanting (DAT)+ submergence 
thereafter (T2), submergence for 45d + al ternate 
irrigation thereafter {T3) and al ternate irrigation for 
entire season (T4), were followed in sets of both puddled 
and non-puddled plots. Each treatment was replicated 
three t imes in a split plot design with puddling as the 
main plot and moisture regimes as the sub plots. 
Twenty-five day old rice seedlings of cv. Pusa Basmati-1 
were t ransp lan ted . 
The bulk density and hydraulic conductivity of soil 
at 0-15 and l-30cm depth were determined by Constant 
Head Method (Klute, 1965) at 60d of t ransplant ing and 
at harvest . The soil water content retained at different 
tensions was estimated by pressure plate method. The 
root sampling at maturity of rice was done by a tube 
auger of known dimension in the 0-15, 15-30 and 30-
45cm soil layers. Root length was measured by Line 
Interception Method (Newman, 1966). The dry weight and 
paddy yield were also determined for each plot. The 
population densi t ies of root-knot nematode M. triticoryzae 
in 250cm3 soil samples from 0-30cm depth were 
est imated as described in Para 3.1.2. 
3 .2 .6 . Effect of Nematicide Application in Nursery-
Beds and Main Field on the Root-Knot 
Nematode, Meloidogyne triticoryzae and 
Performance of Rice Crop 
Nursery-beds measuring Im x Im were prepared and 
treated with either phorate or carbofuran @ 0.15g a.i./m^ 
at the time of sowing seed of rice cv. PR-106. Untreated 
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plots served as control and each treatment was replicated 
three times. The growth of the seedlings and root galling 
were studied after 4wk. A field plot of lOOm^ was puddled 
and divided into 3^ 8 plots of 4m2 each leaving bunds 
between plots. The seedlings from the un t rea ted and 
treated nursery-beds were transplanted and one day 
after transplanting the beds were treated with 
carbofuran or phorate @ 1 or 2kg a. i . /ha. The seedlings 
from untreated and treated (phorate) beds were 
transplanted in unt rea ted plots to serve as 'Full 
control' and 'Half control ' , respectively. The seedlings 
from carbofuran treated nursery-beds were t ransp lan ted 
in plots treated with carbofuran while those from the 
phorate treated beds were transplanted into plots treated 
with phorate. The shoot and root lengths, fresh weight 
and root galling of rice seedlings were recorded after 
4wk of sowing. The root galling and paddy yield were 
also recorded after harvest after llOd of t ransp lan t ing . 
The 1000 grain weight with and without husk was also 
recorded for each t reatment . 
3.2.7. Integrated Management of Root-Knot 
Nematode, Meloidogyne triticoryzae in 
Wheat-Rice Cropping System 
3.2 .7 .1 . Effect of Polyethylene Mulching and 
Nematicidal Treatment of Nursery-Beds and 
Summer Ploughing of Main Field on Root-
Knot Nematodes and Performance of Rice 
Crop 
A plot of 400m2 was selected in the Genetics Block 
of the I.A.R.I., New Delhi, farm to be used for raising 
rice nursery. The field had silty clay loam soil. The soil 
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was initially infested with 27 Ja/lOOcm^ but in bioassay 
15-25 galls were produced per seedling. One half of 
the area was solarized using 60)im thick clear 
polyethylene sheets for a period of 3wk in May; the 
other half, (control plot) was similarly ploughed but 
left uncovered. 
After 3wk the beds were uncovered. Both the plots 
were divided into 6 beds (2 x lOm^) each. The beds 
were separated from each other by 60cm on all sides. 
All the beds were irrigated and puddled. Sets of three 
randomly selected beds of both solarized and unsolarized 
beds were treated with carbofuran or phorate both 
@ 1.5kg a . i . /ha . Rice cv. Pusa Basmati-1 nursery was 
raised by top mixing of seed @ 1500 /ha (seed rate) 
in all the beds. After 4wk seedling growth (height and 
fresh weight), root galling, nematode penetration and 
development were recorded. The main field (400m2) was 
subjected to summer ploughing twice at 2wk interval in 
May-June. A plot of 400m2 not ploughed in summer 
served as control. 
In the month of July both the plots were irrigated 
and puddled. Each of the two plots was divided into 12 
sub plots. The rice cv. PB-1 seedlings from solarized and 
unsolarized beds with and without nematicide t reatment 
were t ransplanted in 20m2 plots each in the main 
field sub plots separated by one border row on each 
side. The row to row and plant to plant distance was 
maintained at 20cm and 15cm, respectively. The plots 
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receiving non-mulched seedlings from and untreated 
beds transplanted in non-summer ploughed plots served 
as control. Thus, each treatment vi^ as replicated three 
t imes. The nematode population density in soil was 
estimated initially and after harvest by direct extraction 
as well as by bioassay under controlled conditions (Sec. 
3.1.6.). The root galling, paddy growth (fresh weight and 
height), nematode penetration and develpoment after 
staining the roots with 0 .1% acid fuchsin (Byrd et al, 
1983) were recorded after 4wk. The paddy was threshed 
and grain yield was recorded after harvest, 120d after 
t ransplant ing. 
3 .2 .7 .2 . Soil Temperature 
Soil temperature was measured in non-mulched and 
single layer polyethylene mulched nursery-beds at the 
surface and at depths of 10, 20 and 30cm at 3-4d 
intervals. Surface temperatures were recorded with a 
mercury thermometer at different depths with 
thermocouples around 1500h when the soil reached 
its peak as per preliminary studies. 
3 .2 .7 .3 . Soil Moisture 
Soil moisture was determined gravimetrically by 
oven drying the soil samples at lOS^C for 3d. The 
moisture content was determined separately in the 0-5, 
5-10, 10-15, 15-20, 20-25 and 25-30cm deep soil layers 
after 3wk, in the mulched and non-mulched beds. 
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3 . 2 . 8 . To Inves t iga te the Effect of t h e 
Cyanobacteria , Aulosira fertilissima o n 
Hatching of t h e Root -Knot N e m a t o d e s , 
Meloidogyne triticoryzae and M. incognita in 
vitro 
The pure cu l tu re of Aulosira fertilissima w a s 
ob ta ined from the Nat ional Faci l i ty for Blue Green Algae, 
I.A.R.I., New Delhi and fu r the r c u l t u r e d in the BG 11 
med ium in a BOD i n c u b a t o r a t 25°C. 
3 . 2 . 8 . 1 . Preparation of BG 11 Medium 
Erlenmyer flask (250ml) a n d cot ton plug w r a p p e d 
with pape r were s ter i l ized a t 121oC for 15-20 min a t 
151b PSI p r e s s u r e . 
Composition of BG 11 medium ( S tan ier et o l . , 1971) 
NaNOa 
K2HPO4 
MgS04. 7H2O 
C a C b . 2 H 2 O 
Citric Acid 
Ferr ic Ammonium 
EDTA (Disodium 
magnes ium 
Na2 CO3 
Trace Metal 
C i t r a t e 
salt) 
Mixture 
0 .75 
0.02 
0 .037 
0 .018 
0 .003 
0 .003 
0 .0005 
0.01 
0.5 
g / 5 0 0 ml 
g / 5 0 0 ml 
g / 5 0 0 ml 
g / 5 0 0 ml 
g / 5 0 0 ml 
g / 5 0 0 ml 
g / 5 0 0 ml 
g / 5 0 0 ml 
g / 5 0 0 ml 
The t r ace metal m i x t u r e c o n t a i n e d the following 
c o n s t i t u e n t s : 
H3 BO3 1.43 g / 5 0 0 ml 
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Mn Ch. 4H2 O 0.905 g /500 ml 
Zn SO4 . 7H2O 0.111 g /500 ml 
Na2Mo O4 . 2H2O 0.195 g /500 ml 
Cu SO4 . 5H2O 0.0395 g /500 ml 
Co(N03)2 . 6H2O 0.0247 g /500ml 
The above weighed 1-IX chemicals were dissolved in 
each 500ml glass distilled water (GDW) in different 
conical flasks to form stock solution. For preparing llitre 
medium, 500ml GDW was poured in another Erlenmyer 
flask. From each of the stock solutions (I-IX), 10ml was 
poured into a llitre Erlenmyer flask. The total volume 
was made up to llitre by adding GDW. This served as the 
medium. The pH was adjusted to 7.0. Of this medium 
50ml was taken into another 250ml conical flasks. The 
flasks were plugged with non-absorbent cotton and 
autoclaved at 121°C for 15-20min at 151b PSI pressure. 
3 . 2 . 8 . 2 . Inoculation 
A loopful of Aulosira fertilissima was taken in 5ml 
sterilized water and homogenized by agitating for 30min. 
Before inoculation the ul t ra voilet radiation was put on 
for 30-60min to sterilize the laminar flow table. Five ml 
liquid inoculum was pipetted into 250ml conical flask 
containing 50ml sterilized medium. It was incubated at 
250C under continuous illumination in culture room. 
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3.2 .8 .3 Hatching Tests 
Culture filtrate of 4wk old culture A. fertilissima 
was collected after passing through Whatman No.l 
filter paper. Live population (20g) of A. fertilissima after 
removing the excess water was ground with a pestle 
and mortar and suspended in 20ml GDW. The volume 
was made up to 200ml with GDW. This served as 100% 
aqueous extract. The cul ture medium, culture filtrate, 
aqueous extracts were stored at 2oC when not in use . 
Twenty freshly picked galls of M. triticoryzae and 
ten eggmasses of M. incognita, of an average size, were 
incubated in 3ml of GDW solutions, or culture medium, 
culture filtrate and two concentrations (6.25, 25%) of 
aqueous extract in cavity blocks (3.4cm diameter) at 
25°C. Each treatment was replicated three times. The 
total number of hatched second stage juveniles (J2) were 
counted at weekly intervals up to two month, after the 
s tar t of incubation. The hatching media were replaced 
with fresh ones after each observation. At the 
termination of the test 5ml of 1% NaOCl solution was 
added to each of the blocks, the softened roots 
were teased after 4h and homogenized. The gelatinous 
matrix of eggmasses of M. incognita was dissolved 
with 1.0% NaOCl in Ih. The numbers of embryonated but 
unhatched eggs were counted and the cumulative 
percentage hatch was computed taking the sum of 
numbers of hatched and unha tched eggs as the base. 
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3 .2 .9 . Histopathology of Wheat Roots Infected with 
Root-Knot Nematode, Meloidogyne triticoryzae 
3 . 2 . 9 . 1 . Infected Root Material and Fixation 
Root-knot nematode, M. triticoryzae infected wheat 
(Triticum aestiuum) plant was collected from stock 
cul tures maintained in the greenhouse. The roots were 
washed under tap water to remove the soil particles. 
Root pieces with galls were selected and cut into small 
pieces, l / 2 - 3 / 4 c m long with the help of a blade and 
fixed in formaline acetic acid (F.A.A.) (4:1) in glass vials. 
3 .2 .9 .2 . Dehydration 
Dehydration of root samples was carried out by 
running them through ethyl alcohol series consisting 
of 30, 50, 70 and 90% ethanol followed by two changes 
for 30min in absolute alcohol. The material was then 
processed through alcohol: xylene series (3:1, 1:1 and 
1:3) followed by two changes in pure xylene for a period 
of 30min each. 
3 .2 .9 .3 . Impregnation with Wax 
Pure paraffin wax (m.p.60°C) was used for 
impregnation as well as embedding. Wax impregnation 
was carried out at 60°C in an oven, by transferring 
the materials from xylene to pure wax. The paraffin was 
replaced after every 4h 5-6 times till xylene was 
completely replaced by paraffin. 
3 .2 .9 .4 . Embedding in Wax 
Molten paraffin was poured to a desired height 
(about 5mm) in a paper boat and the lower layer was 
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allowed to cool and solidify. Warm forceps were used 
to place the root material of less than 1cm length, 
horizontally in the paper boat, followed by carefully 
pouring some more molten wax over the material 
which enabled it to get embedded in wax from all 
sides. The wax was allowed to solidify before it was 
plunged into cold water. Subsequently, small blocks 
containing the material were partitioned. 
3 .2 .9 .5 . Microtomy 
Serial t ransverse sections of 15|im thickness were 
cut using a microtome machine "AO SPENCER" 820. 
Gelatin adhesive was used on glass slides for holding the 
paraffin ribbons, which were warmed to allow the 
expansion of section and then dried for 24h before 
further processing was done. 
3 .2 .9 .6 . Staining of Sections 
Safranin fast green method was adopted for staining 
the sections for histopathological studies. Sections were 
dipped in xylene for 30min to deparaffinize the sections. 
The sections were then passed through absolute alcohol 
followed by a series of 80, 70, and 50% alcohol 
successively keeping for 5min in each grade before 
finally transferring them into 0.5% aqueous safranin 
for Ih . The extra s ta in was removed by slight washing 
with distilled water. Next, sections were destained by 
dipping them in 70% and 90% alcohol for 2-3 second 
each before counter staining with fast green (0.5% 
fast green in 95% alcohol) for 30 second. Sections 
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were then differentiated in 95% alcohol for 2-3 
second, cleared in xylene (2 changes) and finally 
mounted on glass slides in Canada Balsam and left 
overnight in an incubator at 35-40°C to allow the 
mounting medium to dry, for microscopic observations. 
i J , ''•':=• No ) . , , 
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RESULTS 
Experiments were conducted on the root-knot 
nematodes, Meloidogyne triticoryzae in order to s tudy the: 
(i) Survival in soil at varying moisture levels without 
host 
(ii) Relative desiccation survival potential compared to 
M. incognita 
(iii) Population dynamics under five r ice-based cropping 
systems 
(iv) Effect of tillage and water management on the 
population behaviour 
(v) Effect of nematicide application in nursery-beds and 
^ main field and performance of the rice crop 
(vi) Integrated nematode management in wheat-rice 
cropping system 
(vii) To investigate the effect of cyanobacteria, Aulosira 
fertilissima on hatching of M. triticoryzae and M. 
incognita in rice and 
(viii) Histopathology of wheat roots infected with M. 
triticoryzae. 
4 .1 . SURVIVAL 
4 .1 .1 . Effect of Soil Moisture Content on the Survival 
of the Root-Knot Nematode, Meloidogyne 
triticoryzae without Host 
The nematode could not survive in air-dried soil 
with 4 and 8% w/w moisture content for more than 
one and three months , respectively. The survival was 
longer at higher moisture levels. The populat ion was 
found surviving after 18m at 12, 16 and 20% in host 
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free soil sealed in polyethylene bags (Table-4; Fig.-l). 
As much as 23% of the initial number of juveniles were 
found surviving after 18m at 16 and 20% MC while 
12.1% of the J2 were found surviving at 12% MC after 
same period. The bioassay of soil after 15, 30, 60, 90 
and 151d of storage also revealed similar t rends. 
4.1.2. Survival of Root-Knot Nematode, Meloidogyne 
triticoryzae J2 Inoculated in Sterilized Soil at 
Varying Soil Moisture Level 
The M. triticoryzae J2 inoculated into sterilized 
soil at 2.5 J2/100cm3 soil produced an average of 14.3 
galls/wheat root in bioassay. The number of infective J2 
did not appreciably decrease in wet and moist soil over a 
15d period as shown by 14.3 and 12.0 galls at 15.5 
and 13.5% moisture content, respectively. However, very 
few juveniles survived or remained infective after 45-
75d as shown by less than 2 galls in case of all 
the moisture levels. No galls were produced in bioassay 
after 105d (Table-5). Thus, the J2 in soil did not appear 
to remain infective beyond 75-105d. The very few galls 
formed after 15d in the case of air-dried soil (1.6-10.6%) 
moisture content also indicated that the J2 were 
susceptible to desiccation. Extraction of J2 by sieving 
also gave very few J2 indicating the death of most of 
the inoculated J2. 
58 
Table- 4 Effect of soil moisture content on the survival of the root-knot 
nematode, Meloidogyne triticoryzae without host. 
Period 
(Month) 4% 
Moisture Contents 
8% 12% 16% 
Number of J2 per 100 cm soil 
20% 
480 560 660 640 640 
1 80 700 720 800 
2 
3 
4 
6 
8 
10 
12 
16 
18 
0 
0 
0 ' 
0 
0 
0 
0 
0 
0 
20 
0 
0 
0 
0 
0 
0 
0 
0 
640 
400 
440 
240 
180 
180 
160 
120 
80 
740 
540 
460 
300 
200 
200 
140 
170 
140 
800 
600 
500 
400 
340 
280 
200 
160 
140 
59 
Si 
(0 
•*•> c 
o 
5 
3 
CO 
o 
•c 
m 
a. 
o 
o 
o> 
o 
o 00 
o 
o f^ 
o 
o <o 
o 
o in 
o 
o ^ 
o 
o to 
o 
o tN 
o 
o 
l!0$ cUK) OOl/r JO Aiisuaa uooeindod 
«s > 
• M 
> 
%m 
9 
(0i 
« 
JS 
•*•' 
B 
e 
w 
w^ 
e it 
•** B 
e 
« 
i-i 
s 
** 
« 
*MI 
o S 
• • M 
o 
(*« 
o 
8 
« 
"« 
0^  
• • 
f -4 
• 
OB 
*!•• 
tX* 
• 
«IM( 
O 
«e 
» 
A: 
** 
(A 
o 
x: 
4» XI 
•«irf 
S 
' - ^ 
•-» 
> » i » ' 
« Q 
l^ » 
u 
•a 
*•• i: 
60 
TabIe-5 Effect of moisture on survival of root-knot nematode, Meloidogyne 
triticoryzae in sterilized soil. 
Treatment Duration (d) Number of galls/wheat root 
(Mean+SE) 
0 0 14.3 + 9.88 
W(15.5%) 14.3 ±9.88 
M(13.5%) 15 12.0+.6.55 
D,(10.6%) 
D2(1.6%) 
W(15.5%) 1.0 ±0.82 
M(13.5%) 45 1.0 ±1.41 
Di(10.6%) 
D2(1.6%) 2.0 ±1.63 
W(15.5%) 1.7 ±1.25 
M(13.5%) 75 1.7 ±2.36 
Di(10.6%) 
D2(1.6%) 1.0 ±2.07 
W(15.5%) 
M(13.5%) 105 
Di(10.6%) 
D2(1.6%) 
W= Wet Soil M= Moist Soil Di= Dry Soil D2= Completely Dry Soil 
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4.1 .3 . Relative Desiccation Survival Potential of two 
Root-Knot Nematode spec ie s , Meloidogyne 
triticoryzae and M. incognita 
Relative rates of water loss of second stage 
juveniles (J2) were compared in vitro using microscopic 
techniques based on changes in refractive index. The 
refractive index of the nematodes reaches 1.47 at 20% 
water content which is equal to the refractive index of 
liquid paraffin thus making the nematode invisible. The 
rate of water loss of individual J2 of M. triticoryzae was 
slightly higher than that of M. incognita J2 under sub-
humid conditions at 60-98% RH. The J2 of both the 
species survived only for a short time {5-40min) in vitro 
at these RH levels { Table-6; Fig. 2). 
4 . 2 . POPULATION DYNAMICS 
The population behaviour of M. triticoryzae was 
studied in five rice-based cropping systems viz., rice-
wheat (R-W), rice-wheat-greengram (R-W-GG), rice-
berseem (R-B), rice-potato-greengram (R-P-GG) and rice-
mustard-greengram (R-M-GG) for two years during July 
1996-July 1998. Observations were recorded on the 
second stage juveniles extracted by Cobb's sieving, 
decanting and centrifugal sugar floatation technique as 
well as on the number of galls produced on the roots of 
wheat and rice seedlings in bioassay. The behaviour of 
the population density of M.triticoryzae based on the two 
parameters is stated in the following paragraphs : 
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Table - 6 Effect of relative desiccation survival potential of tv»'o root-knot 
nematode species, Meloidogyne triticoryzae and Meloidogyne 
incognita. 
Relative 
Humidity 
(%) 
Meloidogyne triticoryzae 
Time to reach %Loss per 
20% WC minute minute 
Meloidogyne incognita 
Time to reach %Loss per 
20% WC minute minute 
60 10.0 12 4.17 
70 15 3.33 25 2.00 
80 
90 
21 
25 
2.38 
2.00 
35 
42 
1.43 
1.19 
WC = Water Content 
63 
% Loss per Min 
(V) ^ ^ 
^ o 
CSV 
H 
.s: o 
^ 
t4 
i 
s 
sa 
s 
e 
o 
a 
4> 
e 
a 
X! 
I 
s 
,2i 
*S 
S 
•«"n 
O 
tn 
en 
s 
U 
9» 
** 
e 
SB 
o o o O 
(fow) ^ M%o^ q^ ew ©^  diaix 
64 
4.2 .1 . Second Stage Juveniles in Soil 
The population density of M. triticoryzae J2 varied 
greatly with time in all the five rice-based cropping 
systems over a period of two years. The J2 peak 
population density was observed in all cropping sys tems 
in the 3^^-4^^ wk of September in both the years . At the 
time of peak population, highest density of J2 in soil was 
recorded in the rice-wheat cropping system in both the 
years. Significantly, lower peak density was observed in 
the rice-berseem cropping system and the least in the 
rice-wheat-greengram and in r ice-mustard-greengram. 
The residual effect of incorporation of greengram t h u s 
significantly reduced the peak population densi ty 
attained in the following rice crop. The peak popula t ion 
density in the rice-berseem cropping system, a l though 
lower than rice-wheat cropping system, was higher than 
the other cropping system since the berseem crop also 
supported the population density attained, as revealed b}' 
the relatively higher populations after berseem. The 
matured females were also found on the roots of berseem. 
These trends were similar in both the years (Table-7; Fig. 
3,4). 
The population behaviour of M. triticoryzae J2 was 
strikingly different in the two years in the r ice-potato-
greengram cropping system whereas lowest peak 
population density of J2 was observed in the rice crop in 
this season in 1996, a high peak, next only to the rice-
wheat cropping system, was observed in the rice crop in 
1997. An examination of the root of potato also revealed 
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A. Rice-Wheat 
B. Rice-Wheat-Greengram 
C. Rice-Berseem 
D. Rice-Potato-Greengram 
B. Rice-Mustard Greengram 
Plate I Populat ion Behaviour of Meloidogyne 
triticoryzae Under Five Rice-Based Cropping 
Systems. 
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root-knot nematode infection in 1997 while no infection 
could be noticed in the previous year. These findings 
indicate the difference in the host s ta tus of the potato 
varieties; since the potato var. Pusa Badshah was grown 
in 1996-97 but potato var. Pusa Bahar was planted in 
1997-98 due to non-availability of sufficient seed potato 
(Table-7; Fig. 3,4). 
In general, the peak population densities as well as 
the equilibrium density in the second year, i.e. 1997-98 
were much higher than the previous year in all the 
cropping system. The highest average peak population 
density recorded in late September in the rice-wheat 
cropping system was 450 J2/100cm3 soil whereas 3027 
J2/100cm3 soil were observed in the same cropping 
system, at the same time in 1997. Similar t rends were 
pbserved in the other cropping system (Table-7; Fig. 3,4). 
Computation of the equilibrium population densit ies over 
the whole crop cycle^ revealed that while the average 
density was 58 J2/100cm3 soil in the rice-wheat cropping 
system in 1996-97 it was 341.8 Ja/lOOcmS soil during 
1997-98 (Table 8, Fig. 5). Similar trend was followed in 
all the five cropping systems. The overall equilibrium 
population density, averaged overall the five cropping 
system was 6.75 times higher during 1997-98 than 
during the previous year. As compared to the rice-wheat 
cropping system the equilibrium population density of J2 
in soil was reduced by 53 .1% and 70.7% in 1996-97 and 
1997-98, respectively, when greengram was grown and 
incorporated after harvest of wheat and before 
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Table-8 Effect of five rice-based cropping systems on the equilibrium 
population density of Meloidogyne triticoryzae in soil. 
Number of J2 per lOOcm^ 
1996-1997 
Cropping Equilibrium 
System densities Jj 
per 100 cm' 
soil 
Rice-Wheat 58.0 
Rice-Wheat-Greengram 27.2 
Rice-Berseem 42.6 
Rice-Potato-Greengram 19.2 
Rice-Mustard-Greengram 30.2 
Overall Mean 35.4 
Percent red-
uction over 
rice-wheat 
croppmg 
system 
-
53.1 
66.9 
47.9 
1997-1998 
Equilibrium 
densities J2 
per 100 cm' 
soil 
341.8 
100.0 
26.6 
334.8 
160.9 
239.2 
Percent red-
uction over 
rice-wheat 
croppmg 
system 
-
70.7 
258.9 
2.3 
52.9 
Ratio of 
Equilibrium 
density 1997-98/ 
1996-97 
5.9 
3.6 
24.3 
17.4 
5.3 
6.8 
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A. Rice-Wheat 
B . Rice-Wheat-Greengram 
C. Rice-Berseem 
D. Rice-Potato-Greengram 
E . Rice-Mustard Greengram 
Plate X P o p u l a t i o n B e h a v i o u r o f Meloidogyne 
triticoryzae Under Five Rice -Based Cropping 
Systems. 
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t ransplanting of rice. Similarly, the equilibrium density 
was reduced by 47.9% and 52.9% in the rice-mustard-
greengram cropping system in 1996-97 and 1997-98, 
respectively (Table-8; Fig. 5). The rice-berseem cropping 
system also lowered the equilibrium density by 26.6 and 
24.3%, respectively, in the two successive years. As a 
contrast , rice-potato-greengram cropping system reduced 
the equilibrium density by 66.9% over that in the rice-
wheat cropping system in 1996-97, it was reduced merely 
by 2.2% in 1997-98 due to the potato variety Pusa 
Bahar which served as a good host. These results thus 
clearly show that : 
(i) Whereas the wheat crop in the rice-based cropping 
system increased the papulation density of M. 
triticoryzae J2 in soil, the incorporation of moong 
and or replacing the wheat crop by mustard or 
berseem or a non-host potato variety allowed 
lesser growth of population, 
(ii) The equilibrium population density was much higher 
(6.75 times) in the 1997-98 than during 1996-97 
(Table - 8; Fig. 5). 
4 .2 .2 . Bioassay 
The bioassay of soil samples collected almost at 
monthly intervals for a period of 2 years in five cropping 
system revealed that the infestation levels in all the 
cropping system were generally low during 1996-97 but 
it increased multifold during the next year of cultivation, 
i.e., 1997-98. In both the years , peak infestation level 
74 
occurred in the rice crop during the month of September. 
During the first year there was only negligible increase 
in the population densities in all the crops during the 
Rabi season, or the bioassay failed to detect any 
such increase, but during the next year, i.e., 1997-
98 very high peak infestation levels v/ere observed 
at the end of Rabi season, i.e., March. These peaks 
were the highest in the rice-wheat, r ice-wheat-greengram 
and rice-mustard-greengram cropping system {Table-9; 
Fig. 6, 7). Although the infestation levels as revealed by 
bioassay also increased in rice-berseem and rice-potato-
greengram cropping system, the peaks were much lower; 
only 40-50 galls/seedlings as against more than 150-
300 in the other three cropping system. The differences 
in the heights of peak during 1996-97 were not 
significant; even during September only 6-17 
galls/seedling could be observed in all the cropping 
system and there was considerable variability in the 
data (Table-9; Fig. 6, 7). 
Computation of the equilibrium infestation levels as 
revealed by the bioassay also indicated very low 
infestation levels, averaging 1.89-3.52 gal ls /seedl ing in 
the different cropping system (not significant at P>.0.05). 
During the year 1997-98 the infestation levels were very 
high as shown by averages of 15.7-35.8 gal ls /seedl ing. 
In general, the average infestation levels as per the 
bioassay tests was 8.75 times higher in 1997-98 
than during the previous year (Table-10; Fig. 8). 
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A. Rice field infested with Meloic 
triticoryzae 
B. Bioassay in controlled environment 
Piat« II Bioassay to Detect the Root-Knot Nematode, 
Meloidogyne triticoryzae Infecting Five Rice-
Based Cropping Systems . 
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Table-10 Effect of five rice-based cropping systems on the 
equilibrium population density of Meloidogyne triticoryzae in 
soil. 
Number of Galls in Bioassay 
Cropping 
System 
1996-1997 1997-1998 Ratio of 
Equilibrium Percent red- Equilibrium Percent red- Equilibrium 
densities J2 uction over densities J2 uction over density 1997-98/ 
per 100 cm' rice-wheat per 100 cm' rice-wheat 1996-97 
soil cropping soil cropping 
system system 
Rice-Wheat 2.41 
Rice-Wheat-Greengram 3.52 
Rice-Berseem 3.44 
Rice-Potato-Greengram 1.89 
Rice-Mustard-Greengram 3.46 
-
+46.1 
+42.7 
-21.6 
+43.6 
26.54 
35.8 
20.39 
15.69 
30.43 
-
+34.9 
-23.2 
-40.9 
+ 14.7 
11.0 
10.2 
5.9 
8.3 
8.8 
Overall Mean 2.94 25.77 8.75 
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Surprisingly, the average infestation levels appeared 
to be increased in the rice-wheat-greengram and rice-
mustard-greengram and decreased in the rice-potato-
greengram cropping system. The resul ts were variable 
in case of the rice-berseem cropping system; while 
the equilibrium level was higher by 43.6% in 1996-97 
compared to rice-wheat cropping system. It was 
decreased by 23.2% in 1997-98 (Table-10). 
A comparison of the equilibrium infestation levels in 
the different cropping system over the two years 
indicated tha t the growth of the infestation level was the 
highest (11.0 times) in the rice-wheat cropping system, 
closely followed by 10.2 times in the rice-wheat-
greengram. The annual increase was 8.3 and 8.8 times in 
the rice-potato-greengram and r ice-mustard-greengram 
cropping system, respectively. The annua l increase in 
the equilibrium infestation level was the lowest (5.9 
times) in rice-berseem cropping system (Table-10). 
4 . 3 . EFFECT OF TILLAGE AND WATER MANAGEMENT ON 
THE POPULATION BEHAVIOUR OF ROOT-KNOT 
NEMATODE, MEOLIDOGYNE TRITICORYZAE IN RICE 
4 . 3 . 1 . F ie ld Soi l Texture 
The field had a sandy clay loam soil with pH 7.7 
and 0.66% organic carbon. The upper 30cm layer 
consisted of 50% sand, 22-23% silt and 27-28% clay, 
while the 30-60cm deep soil layer had 59% sand, 20% 
silt and 2 1 % clay. As a consequence, the upper 30cm 
soil layer had a higher moisture retention capacity 
than the deeper layer (Table-11). 
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Table-11 Soil physical characters of the experimental fields 
Soil pH 1:2.5 Organic Particle size distribution Texture 
depth Carbon Percent Percent Percent 
(cm) Sand Silt Clay 
0-15 
15-30 
30-60 
7.7 
7.7 
-
0.66 
0.66 
-
50 
50 
50 
22 
20 
21 
28 Sandy clay loam 
27 Sandy clay loam 
21 Sandy clay loam 
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4.3 .2 . Bulk Density of Soil 
Before puddling the bulk density of soil was 1.61 
Mg/m3 in the 0-15cm and 1.68 Mg/m^ in the 15-30cm 
deep soil layer. At 60 day after t ranplanting (DAT) as 
well as at harvest, the bulk density was slightly 
reduced due to puddling (Table-12). For instance, in 
the countinuously submerged plots the bulk density 
was 1.48 and 1.52 Mg/m3 at 60 DAT and 1.50 and 1.58 
Mg/m^ at harvest in the 0-15cm soil layer in 
countinuously submerged plots. Puddling did not 
influence the bulk density in the deeper soil layer. In 
general, the bulk density of soil was lower in the 
submerged soil compared to the un-submerged soil 
and this effect was obvious in the entire 0-30cm layer, 
both at 60 DAT and harvest (Table-12). 
4 .3 .3 . Hydraulic Conductivity 
The hydraulic conductivity before puddling was 5.00 
and 5.32 cm/day in the 0-15 and 15-30cm soil layer, 
respectively. During the rice crop it was reduced in all 
the t reatments in both the layers. The hydraulic 
conductivity was lower in the puddled plots as compared 
to non-puddled plots. In the 0-15cm layer, the hydraulic 
conductivity was 4 .83, 4.64, 4.50 and 4.35cm/day in the 
puddled soil and 4 .85, 4.70, 4.78 and 4.82cm/day in 
the non-puddled soil in the t reatments Ti, T2, T3 and T4, 
respectively, at 60DAT. Similar trends were noted in the 
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Table-12 Effect of puddling and water regimes on soil bulk density 
(Mg/m )^ during rice culture . 
Soil Before Puddling 60 DAT No puddling 60 DAT 
depth pudd- Ti T2 T3 T4 Mean Ti T2 T3 T4 Mean 
(cm) ling 
0-15 1.61 1.48 1.52 1.55 1.59 1.54 1.52 1.53 1.64 1.54 1.56 
15-30 1.68 1.60 1.65 1.62 1.67 1.64 1.60 1.64 1.69 1.6 1.65 
Mean 1.54 1.59 1.59 1.63 1.56 1.58 1.66 1.65 
At rice harvest 
0-15 - 1.50 1.54 1.54 1.56 1.54 1.56 1.58 1.58 1.58 1.58 
15-30 - 1.64 1.66 1.64 1.67 1.65 1.59 1.64 1.65 1.69 1.64 
Mean 1.57 1.60 1.59 1.62 1.58 1.61 1.62 1.64 
Ti = Continuous Submergence T3 = Submergence first 45 DAT 
T2 = Submergence after 45 DAT T4 = No Submergence 
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Plate III Tillage and Water Management on the Population 
Behaviour of Root-Knot Nematode, Meloidogyne 
triticorjfzae in Rice. 
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15-30cm layer, the hydraulic conductivity being lower in 
the puddled plots (Table-13). However, a comparison of 
the two layers in the continuously submerged and un-
submerged plots would reveal that at 60DAT the 
hydraulic conductivity of the deeper layer was lower 
(4.41 and 4.64cm/day) in the deeper layer than 4.83 and 
4.85cm /day respectively, in the upper layer. In all other 
t rea tments both at 60DAT and at harvest the hydraulic 
conductivity was more in the deeper layer (Table-13). 
4 .3 .4 . Population Density 
The data on the population densit ies of the root-
knot nematode, M. triticoryzae in late September, 1997 
revealed that highest population growth occurred in the 
plots which were not puddled and /o r un-submerged 
during the entire crop season (Table-14). Generally, the 
population densities of root-knot nematodes was higher 
in the non-puddled soil compared to the throughout un-
submerged condition (T4), the nematode populat ion 
density was always significantly lower in the plots 
submerged for the whole or part of the season. The 
population densit ies of the root-knot nematode in soil 
was the lowest in (T3) when the soil was submerged 
dur ing first 45d only (Table-14; Fig .9). 
4 .4 . CONTROL 
4 . 4 . 1 . EfTect of Nematicide Application in Nursery-Beds and 
Main Field on the Root-Knot Nematode, Meloidogyne 
triticoryzae and Performance of the Rice Crop 
4 . 4 . 1 . 1 . Seedling Growth 
The treatment of nursery-beds with carbofuran or 
phorate @ 0.15g a.i . /m2 significantly improved the 
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Table-13 Effect of puddling and water regimes on hydraulic 
conductivity (cm/d) of soil during rice culture . 
Soil depth Before Puddling 60 DAT No puddling 60 DAT 
(cm) pudd- T| T2 T3 T4 Mean Ti T2 T3 T4 Mean 
ling 
0-15 5.0 4.83 4.64 4.50 4.35 4.58 4.85 4.70 4.78 7.82 4.79 
15-30 5.32 4.41 4.82 4.60 4.55 4.59 4.64 4.81 4.82 4.95 4.65 
Mean 4.62 4.73 4.55 4.45 4.75 4.76 4.80 4.89 
At rice harvest 
0-15 - 4.89 4.70 4.60 4.58 4.67 5.05 5.26 5.71 5.85 5.46 
15-30 - 4.98 4.89 5.00 5.20 5.02 5.30 5.75 5.72 5.99 5.69 
Mean 4.94 4.65 4.80 4.89 5.18 5.51 5.72 5.92 
DAT = Day After Transplanting 
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Table-14 Effect of different moisture regimes (T]-T4) and puddling on the 
population density oi Meloidogyne triticoryzae Jj in soil. 
Treatment 
T, 
T2 
T3 
T4 
Mean 
Puddling 
30" 
5^  
25'" 
80' 
35a 
No puddling 
95b 
105" 
35' 
490' 
181b 
Mean 
63b 
55ab 
30a 
285c 
Ti = Continuous Submergence T3 = Submergence first 45 DAT 
T2 = Submergence after 45 DAT T4 = No Submergence 
Figures scripted with the same alphabet are statistically at par within the 
respective colour or row. 
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A. Nematicide application in the nursery-beds 
Plate IV Management of Root-Knot Nematode^ Meloidogyne 
triticoryzae in Nursery-Beds and Performance of the 
Rice Crop by Nematicide Application in the Main 
Field. 
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growth of rice seedlings as indicated by the increased 
shoot and root lengths and fresh weight which was 
correlated to the reduction in root gallings. The seedling 
height was increased by 26.7 and 29.7%, due to 
carbofuran and phorate t reatments , respectively. 
Similarly, the fresh weight of seedlings was increased by 
41.0 and 43.0%, respectively. Seedlings from untreated 
beds had an average of 12 galls/seedling root compared 
to only 4-5 galls in case of treated beds (Table-15; 
Fig. 10) . The two nematicides were statistically at par. 
4 .4 .1 .2 . Main Crop 
When transplanted in the main field the seedlings 
from treated beds performed significantly better than 
those fropi the unt rea ted beds in terms of crop 
growth and yield of straw and grain. 
4 . 4 . 1 . 2 . 1 . Straw and Grain Yield 
The total dry weight at harvest was increased by 
14.4% when nursery-bed was treated with phorate and 
then transplanted in the untreated main field as 
compared to control. This was further increased if the 
main field was also treated with nematicides. The total 
dry weight was increased by 16.8 and 18.4% over full 
control with 1 and 2kg a . i . / ha phorate, respectively. The 
increase was slightly more, 24.0 and 28.4%, over full 
control with carbofuran @ 1 and 2kg a . i . /ha main field 
t reatment , respectively (Table-15; Fig. 10). 
In this experiment with average initial population 
density of 1.2 Ja/cm^ soil in nursery-beds and 0.9 Jz/cm^ 
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t 
I 
94 
B. Effect of phorate on the growth of rice seedlings infested 
with Meloidogyne triticoryzae in the main field 
C. Effect of carbofuran on the growth of rice seedHngs 
infested with Meloidogyne triticoryzae in the main 
field 
Plate IV Management ef Root-Knot Nematode, Meloidogyne 
triticoryxaein Nursery-Beds and Performance of the 
Rice Crop by Nematicide Application in the Main 
Field. 
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soil in main field, the grain yield was improved by 10.0% 
by the nursery-bed treatment alone and by 21.9-25.6% by 
the combinations of nursery-bed and main field 
t reatments . However, the harvest index was not 
significantly different in the controls and the different 
t reatments; it ranged from 30.8-33.4% all being at 
par (Table-15; Fig. 11). 
4.4 .1 .2 .2 . Grain Quality 
The 1000 grain weight of paddy (with husk) was not 
significantly influenced (Table-15). However, the 1000 
grain weight of the rice kernel (without husk) was 
significantly improved from 15.Og in full control to 17.9-
19.Og in the different treatments. Even in the nursery-
bed t reatment alone the 1000 grain weight (without husk) 
was 18.2g which was at par with the o ther t rea tments . 
Thus, there was 19.3-26.7% increase in kernel weight. 
The shelling percentage (% kernel weight in paddy) was 
improved from 62.5% in control to 76.2% due to nursery-
bed t reatment alone (Table-15; Fig. 12). Additional main 
field t reatment with nematicides only caused marginal 
(up to 3.3%) improvement in shelling percentage 
(Table-15). 
4.4.2. Integrated Management of Root-Knot Nematode, 
Meloidogyne triticoryzae in Wheat-Rice Cropping 
System by Soil Solarization and Nematicides 
4 .4 .2 .1 . Seedling Growth 
The height, root length and fresh weight of seedlings 
were improved by 10.9, 23.1 and 23 .8% due to soil 
solarization alone compared to 0, 21.2 and 15.9% due to 
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carbofuran and 0, 23.1 and 11.9% due to phorate, 
respectively. The combination, solarization followed by 
nematicides further improved the seedling growth 
marginally as seen by the 30.2% increased fresh weight 
and 9.9% and 34.1% increased height and root length, 
respectively, in solarization + carbofuran and in 
solarization + phorate combination fresh weight, height 
and root length increased by 3 4 . 1 % , 18.4% and 17.3%, 
respectively (Table-16; Fig. 13). The improved seedling 
growth was correlated to the reduction in root galling of 
the seedling which was reduced by 89.8% with 
solarization alone compared to 81.8 and 86.4% with 
carbofuran and phorate, respectively. 
The combinations, especially of solarization and 
phorate were more effective giving about 97.9% control, 
thus leaving an average of less than one gall per seedling 
compared to an average of 2.4 galls per seedling in case 
of solarization alone. The seedlings in the different 
t reatments had average of 0.5-23.6 galls per seedling 
(Table-16; Fig. 14). 
4.4 .2 .2 . Main Crop Performance 
The initial and final population density of 
nematodes in the field and the grain yield of rice 
were recorded. The seedlings from the treated nursery-
beds performed better in the main field and left 
significantly lower final population density of root-knot 
nematodes, especially when combined with the field 
treatment. The crop from seedlings raised on solarized 
99 
Table-16 Effect of integrated management of the root-knot nematode, 
Meloidogyne triticoryzae and growth of rice seedling in wheat-rice 
cropping system. 
Treatment Height of Percent Root Percent Fresh wt. Percent No. of Percent 
seedlings Reduct- length Reduct- of five Reduct- galls per Reduct-
(cm) ion seedling ion seedlings ion seedlings ion 
over (cm) over (g) over over 
control control control control 
Untreated 29.3±3.6 
Control (r=9) 
10.4+2.0 12.6+3.8 23.6+20.4 
Solarization 32.5±2.1 
(13d) (r=6) 
10.9 12.8+0.6 23.1 15.6±3.4 23.8 2.4+1.6 -89,8 
Carbofuran 29.3+2.7 
@ 2k.g a.i/ha 
(r=6) 
0.0 12.6+1.8 21.2 14.6+4.5 15.9 4.3+1.8 -81.8 
Phorate® 29.3+1.8 
3fcg a.i./ha 
(r=4) 
0.0 12.8+3.5 23.1 16.4+2.9 11.9 1.3+0.7 -86.4 
Solari2ation+ 32.2+2.6 
Carbofuran 
(r=3) 
Solarization+ 34.7+2.3 
Phorate (P=3) 
9.9 14.2+1.4 36.5 14.1+4.0 30.2 3.2+1.8 -94.5 
18.4 12,2±0.9 17.3 16.9+3.6 34.1 0.5±0.3 -97.9 
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A. Solarization of nursery-beds 
Plate V Management of Root-Knot Nematode^ Meloidogyne 
triUcoryzae Wheat-Rice Cropping Systems by Soil 
Solarization and Nematicides. 
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nursery-beds gave 49.4% higher grain yield of rice. 
Additional treatment with nematicides in the field gave 
further increase in yield. A combination of solarization 
followed by phorate application in nursery-bed gave 
53.2% higher yield over control (Table-17; Fig. 15). 
Although the increased investment of 1kg of phorate-lOG 
(worth Rs. 60/-) gave only an additional yield of only 
1.3q/ha. The population growth of root-knot nematodes 
was significantly reduced as shown by the lower J2 
population in soil as well as the fewer galls (5 per 
seedling) developed compared to 11 per seedling in case 
of solarization alone and 20 per seedling in unt rea ted 
control in the bioassay (Table-17; Fig. 15). A further 
application of carbofuran @1.0kg a . i . /ha in the main field 
at transplanting gave only an increase of 2 q / h a over the 
crop from solarized and nematicide treated nursery-beds . 
The nematode population densities at rice harvest were 
significantly lower in case of crop from seedlings from 
treated nursery-beds with 16 galls per seedling compared 
to 20 galls per seedling in control (Table-17; Fig. 15). 
4.5. TO INVESTIGATE THE EFFECT OF THE 
CYANOBACTERIA, AULOSIRA FERTILISSIMA ON 
HATCHING OF THE ROOT-KNOT NEMATODE, M. 
TRITICORYZAB AND M. INCOGNITA IN VITRO 
4 .5 .1 . Meloidogyne triticoryzae 
The data on the cumulative per cent ha tch of M. 
triticoryzae revealed that the hatch was slow and 
prolonged over l l w k in all the t reatments including 
GDW. Only 20.4% of the total eggs hatched in GDW over 
104 
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B. Effect of solarization and carbofuran on thegrowth 
of rice seedlings 
C. Effect of solarization a n d phorate on the growth of 
rice seedlings 
Pfate V Management of Root-Knot Nematode, Mel&id€fgtfne 
triticort^ete Wheat-Rice Cf opping Systems by Soil 
Solarization and If ematlcldes. 
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a period of l lwk . The hatch in the filtrate of A. 
fertilissima was lower than that in GDW. The total 
cumulative hatch in A. fertilissima filtrate was 8.1% 
which was significantly lesser than that in medium 
(32.9%) and standard aqueous extract (43.8%), extract 
25% (35.1%), extract 6.2% (49.7%) and GDW (20.4%). 
Thus, the culture filtrate inhibited the ha tch of M. 
triticoryzae J2 (Table-18; Fig. 16). 
The hatch in 25% concentration was at par with that 
in the GDW up to 7wk (17-20%) but was increased 
suddenly to 35% after 8wk. Surprisingly the hatch in 
the very low concentration of aqueous extract was faster 
and higher than in GDW and the higher concentrat ion of 
the aqueous extract. 
The cumulative hatch in the culture medium control 
was slightly lower than in GDW up to 6wk but was a t par 
after that . The replacement of the hatch medium with 
GDW after 9wk resulted in sudden increase in ha tch in 
case of the eggs previously exposed to 100% aqueous 
extract. However, such a change of hatch medium did 
not improve the hatch in the case of eggs previously 
exposed to the culture filtrate (Table-18; Fig. 16). 
4.5.2. Meloidogyne incognita 
The hatching behaviour of M incognita was strikingly 
different than that of M. triticoryzae. The ha tching of M. 
incognita was much faster and greater than tha t of M. 
triticoryzae. Most of the hatching took place in the first 
3-4wk of incubation in all the treatments. The cumulative 
108 
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A, M i c r o s c o p i c view of c y a n o b a c t e r i a , Aulosira 
fertilissima 
Fiate VI Effect of Cyaztobacteria^ Aulosira fertiUssima on 
R&tcltiikg of the Root-Ksoi Keiaatode^ Meloitiogifne 
triticorj^ete and M. incognita. 
I l l 
hatch was significantly lower in the 100% concentrat ion 
of the aqueous extract (82.7%) and the cul ture filtrate 
(78%) over 6wk compared to over 97 and 98% hatch in 
all the other t rea tments and control (Table-19; Fig. 17). 
4.6. HISTOPATHOLGICAL STUDIES ON THE WHEAT ROOTS 
INFECTED BY MELOIDOGYNE TRITICORYZAE 
The histopathological studies on the t ransverse 
sections of the wheat roots infected by M. triticoryzae 
revealed the es tabl ishment of the syncytium and giant 
cells in the endodermis and vascular region. The vascular 
bundles were dislocated and cortical parenchymatous 
cells extensively damaged. Eggs and females could be 
seen in the cortical cavities, but in some sections it was 
noticed that the enlarging female broke the root 
epidermis to partially protrude out of the root t i ssue and 
produce the eggsacs outside the root, unlike rice where 
mostly the eggsacs are within the aerenchymatous t issue 
of the root. 
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Table - 19 Effect of the cyanobsictena, Aulosirafertilissima on hatching of 
the root-knot nematode, Meloidogyne incognita in vitro. 
Treatment 1 
Incubation Period (Weeks) 
2 3 4 5 
Per cent Cumulative Hatch 
GDW 
M 
CF 
AlOO 
A25 
A6.25 
26.4 
(29.80) 
30.0 
(32.14) 
37.8 
(37.88) 
12.8 
(20.73) 
16.6 
(23.80) 
35.2 
(36.3) 
CD (P>0.05)(8.50) 
74.2 
(59.66) 
67.6 
(55.36) 
58.9 
(50.13) 
33.7 
(35.43) 
45.6 
(42.49) 
55.8 
(48.34) 
(14.23) 
88.3 
(70.00) 
88.7 
(71.05) 
69.3 
(56.39) 
71.7 
(57.93) 
79.7 
(63.50) 
77.5 
(61.84) 
(18.03) 
94.4 
(76.50) 
97.1 
(80.54) 
71.5 
(57.79) 
77.7 
(61.86) 
94.2 
(76.17) 
95.3 
(77.63) 
(5.24) 
97.4 
(79.59) 
97.7 
(81.72) 
75.1 
(60.11) 
82.6 
(65.46) 
97.9 
(81.68) 
97.0 
(80.03) 
(3.34) 
97.5 
(80.96) 
97.8 
(81.86) 
77.9 
(62.04) 
86.6 
(68.64) 
98.9 
(83.91) 
97.4 
(81.78) 
(3.01) 
Angular transformation values are given in parentheses 
GDW= Glass Distilled Water M= Medium 
CF= Culture Filtrate A= Aqueous Extract 
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. ^ . 
A-D. Non-infected and infected roots of wheat 
A. Trajttsverse section of non-infected wheat root 
B. Nematode with its lips in the pericycle region 
Plate VII Bistopatltotoigy of Wheat Root Infected wi th 
Root-Kzkot HeBiatode^ Meloidttg^nm trlticorysaB. 
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J) 
C. Transverse sect ion of infected root showing 
deranged cortical 
region, vacuolated giant cells 
D. Transverse sect ion of infected root showing 
nematode in the stelar region and disorganised 
and divided stele 
Plate VEt Histopathologf of Wheat Root Iztfected with 
Root-Knot Kematode, Meloidogyne triticortfzae. 
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DISCUSSION 
The root-knot nematodes, Meloidogyne spp. 
constitute the wide spread and economically most 
important group of plant-parasi t ic nematodes th roughout 
the world. Severe damage is caused to a vast variety of 
crops. It is believed that four species, viz., M. incognita, 
M. javanica, M. arenaria and M. hapla are the most wide 
spread. These species are more commonly, paras i tes of 
dicotyledonous crops although monocotyledonous crops 
including cereals like wheat and rice may also be 
infected in rare cases . Due to the efforts of the 
International Meloidogyne Project, these four species got 
wide recognition, probably because majority of the 
cooperators had been working on them. Probably, the 
root-knot nematodes at tacking cereals did not get due 
attention and got underest imated. The root-knot 
nematode, M. graminicola has been known to infect rice 
in most subtropical and tropical par ts of the world. 
Its host range includes many graminaceous crops and 
weeds. Under experimental conditions it was also 
observed feeding on wheat (Patel, 1984, cf. Swarup 86 
Gokte,1986). Some other Meloidogyne species infecting 
rice are M. graminis, M. salasi, M. sasseri, M. triticoryzae 
etc. The wheat crop in temperate Europe is a t tacked by 
M. naasi. 
It was believed that since the rice and wheat 
crops are grown in agroecologically contras t ing 
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conditions, there would not be pest and pathogen 
problems common to the two crops. In the Indo-Gangetic 
plains, which were traditionally wheat growing areas , 
the wheat-rice cropping system was adopted and has 
gained popularity due to various factors, especially 
improved irrigation, agro-climatic suitability for 
Basmati rice cultivation and economic profitability. Thus, 
the wheat crop grown in Rabi (Nov-April) is followed 
by rice in Kharif (July-October). The wheat ecosystem 
has low-moderate moisture levels, low temperature 
and well aerated soil. On the other hand rice prefers 
high moisture, moderate high temperature and less 
aerated to anaerobic soil conditions. Gaur et al. 
(1993a,b) reported tha t two species, M. graminicola and. 
M. triticoryzae occurred in somie of the north-western 
plain zone including Delhi, Haryana and Uttar 
Pradesh where the wheat-rice cropping system is 
popular. These nematodes multiply in the rice nurseries 
and main crops and are sustained on the wheat crop in 
winter. The cont inuous availability of food from these 
two crops and the associated weeds cause rapid 
increase in populat ion density. The infection spreads 
through the infected seedlings and the movement of 
the nematodes and soil during tillage and flood 
irrigation. 
Very little information was available on the survival, 
population dynamics, histopathology and nematode 
management methods in respect of M. triticoryzae, which 
therefore, were investigated. 
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5 . 1 . SURVIVAL AT DIFFERENT MOISTURE LEVELS 
The moisture levels in soil vary greatly within and 
between the rice and wheat crops as well as in the 
intervening period when the soil may be fairly dry. 
The extent and mechanism of survival at varying moisture 
levels have been studied. The resul ts have revealed tha t 
the number of J2 rapidly declined at all moisture levels 
in soil without host. The survival was better at high 
moisture levels (16-20%MC) but poor in air-dried soil at 
4-8%MC. At higher moisture levels as much as 12-23% of 
the initial population could survive 18m at 12-20%MC. 
Usually, the bioassay was more efficient in detecting the 
surviving population than extraction of J2 (Gaur & 
Sharma,1999) which indicates that the survival in egg 
stage may be more important. 
In general, it was believed that the Meloidogyne spp. 
had a poor potential for desiccation survival. However, 
the reports during the recent past have shown that some 
proportion of the J2 and eggs can survive for long 
in moist or dry soil without host (De Guiran, 1979a; 
Peacock, 1957; Gaur & Haque, 1986; Soomro, 1994; 
1989) which explains the successful persistence of the 
root-knot nematodes without host and the rapid 
resumption of the population densities once a suitable 
crops becomes available. The M. incognita and M. javanica 
have shown the anhydrobiotic potential of the J2 and 
survival in desiccated soil (Towson, 1977; Towson St 
Apt, 1983; Gaur 86 Sehgal, 1990). The present 
investigations have proved that the different species of 
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Meloidogyne vary in their potential for desiccation 
survival whereas Gaur and Sehgal (1988) reported 
that M. incognita J2 could survive in slowly air-dried 
soil for over 15m. The M. graminicola J2 were found to 
survive only 5m in moist soil without host (Soomro, 
1994; 1989). In the present investigations M. triticoryzae 
was unable to survive more than 6wk in air-dried 
soil while in wet soil some proportion of the 
population could survive for more than 18m. Thus, the 
survival ability of M. triticoryzae was some what similar to 
M. graminicola except tha t the former could survive 
longer, but in contras t to M. incognita which could 
survive better in relatively low moisture levels than 
in wet soils. 
Most previous s tudies have shown that the rate of 
water loss rather than the extent of the water loss 
determines desiccation survival (Gaur 8B Sehgal, 1988a; 
1989; Barret, 1991). In the present studies, the rate of 
water loss from individual J2 (using differential 
refractive index technique) at similar levels of moisture 
s t ress was greater in case of M. incognita. This difference 
may be related to some differences in the cuticular 
characteristics or to adaptat ions in accordance with 
the natural variations in moisture regimes in their 
natural habi ta ts . Womersley and Ching (1989) had 
proved that the desiccation tolerance of the reniform 
nematodes was related to their natural habi ta ts . In 
present case, it is known that M. incognita prefers crops 
grown at moderate moisture levels, and frequent 
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desiccation of soil occurs. To the contrary, M. triticoryzae 
prefers rice and is prevalent in wet or even flooded soils 
with relatively lesser fluctuation in moisture. 
The shorter time interval required for the J2 of M. 
triticoryzae in subsatura ted conditions to lose water to 
rejach 20% moisture content as compared to the J2 of M. 
incognita would show that the body wall (probably 
hypodermis and cuticle) of the former is relatively less 
efficient in preventing water loss than that of the latter. 
This could be related to some s t ructural or compositional 
variations in the two species. Further research may get 
through more light on this aspect. 
The present investigation indicates that the 
hydrated quiescent J2 and eggs in moist-wet soil may 
be the surviving anhydrobiotic survival may play a 
role in M. incognita. It is possible that both the species 
may have both kinds of abilities, but the proportion 
may be contrast ing which may be related to the 
morphological features evolved over long periods in 
relation to their natural habi ta ts . 
Another experiment in the present investigations 
was planned to determine whether it was the J2 or the 
eggs in the infested soil which had the long term 
survival potential. The J2 inoculated in the sterilized soil 
survived in moist-wet soil with 13.5-15.5% moisture 
content for less than 150d as root galls on rice seedlings 
in the bioassay could be seen only up to 75d but none 
was seen in bioassay after 105d. The survival was 
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poor in dry-moist soil (1.6-10.6% moisture content). 
This finding confirms the resul ts of the other two 
experiments. It appears that the eggs constitute the 
surviving stage to a greater measure than the J2. 
Normally, the eggs in most Meloidogyne species hatch 
freely in water without the need for a hatching 
s t imulant from host root diffusates. However, some 
proportion of the eggs of M. triticoryzae and M. 
graminicola does not ha tch in water for a long time, 
the presence of host not diffusate stimulates hatch 
(Gaur et al., 2000 in press). In the stored infested wet 
soil the absence of the host root diffusate and 
probably, the low oxygen levels may be responsible 
for long term survival of eggs in the wet soil without 
host. 
5.2. POPULATION DYNAMICS IN RICE-BASED CROPPING 
SYSTEMS 
The results on the population behaviour of the root-
knot nematodes M. triticoryzae in the five cropping 
systems studied have clearly brought out that the 
population density varied in time in the same field 
under the influence of the crops, temperature and 
rainfall. Almost same trend were observed using the two 
parameters , i.e., number of J2 extracted from soil and 
number of galls bioassay, the lat ter being relatively 
more reliable. In both the years peak population 
densit ies occurred during September-October which 
concided with the latter part of the rice crop when the 
grain filling takes place and the soil has been drained. 
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Most of the population growth, which would 
contribute to the equilibrium density occurred in the rice 
crop which was common to all the five cropping systems 
in the present investigations. The population growth 
during the Rabi season was limited under the different 
crops like wheat, potato, berseem and mus ta rd due to 
lower temperature in Rabi and /o r relatively poor host 
s ta tus of these compared to rice. However, the 
variation in the peak population densities in the rice crop 
in the different cropping systems would be due to the 
variation in the host characterist ics of the above 
crops in Rabi. Wheat, obviously was a good host 
while mustard was a poor host. Berseem supported some 
multiplication of the nematode and resul ted in a 
moderately high peak in the following rice crop. 
However, despite the good infestation of berseem 
roots observed in the field in the Rabi season, the peak 
density in the rice crop was not very high. The inclusion 
of greengram in the cropping systems also reduced 
the population growth. Although the investigations did 
not have comparable cropping systems in all the cases, it 
would be possible to unders tand the effect of greengram 
in the rice-wheat and rice-wheat-greengram cropping 
systems. It may be concluded that the organic matter 
incorporation due to greengram and berseem would 
cause some reduction in the population growth of M. 
triticoryzae. Even though these are themselves hosts of 
this nematode (Gaur fit Sharma, 1998). 
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These investigations have also brought out that 
selection of appropriate varieties would be necessary 
while planning cropping systems to manage the 
nematode population. Rice-potato-greengram cropping 
system gave entirely different results in the two years 
because of difference in the potato varieties. The potato 
variety Pusa Bahar increased the population density 
whereas potato variety Pusa Badshah decreased it. 
The seasonal influence on the population density 
was obvious both within and between the years , this 
could be related to temperature and probably rainfall. 
The population densities were low during winter and peak 
summers but very high during moderate tempera ture 
regimes in Kharif (September-October) and to some 
extend at the end of Rabi season (March-April). 
Comparison of the equilibrium population densi t ies as 
well as the peaks in the two years would show tha t the 
population densities were much higher during 1997-98 
than the previous year 1996-97. It could be expected 
that the higher population densities in 1997-98 might 
be due to annual population growth. However, this 
does not appear to be the main reaso n since rice-
based cropping system had also been followed in the 
same field during the past few years. Therefore, one 
would not expect increases in equilibrium populat ion 
densities to the extent of 8-10 times in two successive 
years. It is probable that there was some lack of 
coincidence in the time of sampling and the time of 
occurrence of the peak population density in 1996-97 
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despite due care. Sudden fluctuations in the population 
densit ies of this root-knot nematode normally occure 
with changes in soil conditions and crop maturi ty (Gaur 
86 Singh, 1993; Gaur, 1994b). A more probable reason 
could be the heavy rainfall during Kharif 1996 in contrast 
to the more evenly distr ibuted and milder rainfall during 
Kharif 1997 (Fig. 18). 
5 . 3 . EFFECT OF TILLAGE AND WATER MANAGEMENT 
Although rice is grown under irrigated conditions 
and high moisture regimes or flooding are maintained for 
a certain period. In these investigations intermit tent 
flooding was practiced. However, due to the heavy rainfall 
during August-September 1996 the water levels remained 
high maintaining almost cont inuous flooded conditions 
which was not the case in 1997-98. The root-knot 
nematode in general prefer well aerated soils. Although 
the root-knot nematodes infesting rice are capable of 
tolerating high moisture levels (Sperandio 85 Emaral, 
1994), their populat ions are known to decline under 
prolong flooding. These resul ts are in conformity with the 
findings of Prot et al. (1994 a) and Garg et al. (1995) that 
cont inuous flooding reduced the population densities 
where as the nematode multiplied well in alternate 
wetting and drying or intermit tent flooding conditions. 
The result revealed that the practice of puddling 
reduced the bulk density of soil and decreased the 
hydraulic conductivity. These may have occurred due to 
breaking of soil s t ruc ture result ing in discontinuity of 
Avg. Weekly Rainfall (mm) 
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soil pore space. The water retention in the soil was 
improved due to puddling but it did not influence the 
bulk density in the deeper soil layer. 
The puddled soil retained high moisture levels and 
consequently reduced aeration. These conditions would 
allow poor respiration of the nematodes. The J2 of root-
knot nematode, M. triticoryzae would also not be able to 
move easily in the sa tura ted soil as they would not get 
sufficient support. According to Jones, 1975 and Gaur, 
1994a the optimum moisture level for nematode 
movement was around 40% field capacity. 
The root-knot nematode, M. triticoryzae preferred 
aerated soil (Garg et al., 1995d). Therefore, populat ion 
densities declined in puddled soil. The hatching of the J2 
from their eggs is also inhibited under poor aerat ion 
(Norton, 1978). Therefore, the invasion of the roots by the 
second generation infective stages would be reduced 
consequently resulting in reduced net rate of 
reproduction. This might be the reason for the lower 
nematode population densit ies (T2) when the soil was 
kept submerged after 45DAT in the plots (Garg et al., 
1995). The population densities of root-knot nematodes 
was higher in the non-puddled soil as compared to 
puddled soil. In the non-puddled soil also the populat ion 
density was higher in un-submerged condition (T4). 
The submergence during 45DAT and puddling of soil 
was also beneficial because this condition reduced the 
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population density of the root-knot nematode, M. 
triticoryzae. 
5.4. INTEGRATED NEMATODE MANAGEMENT 
The field experiments on the control of plant-
parasit ic nematodes and especially the root-knot 
nematode, M. triticoryzae in the nursery-beds for rice as 
well as the main field using soil solarization and 
nematicides have clearly shown tha t reduction and 
nematode population levels achieved by this methods 
resulted in significantly improved health of the rice 
seedlings which when transplanted in the main field 
gave much better crop in both treated and unt rea ted 
main field. The application of nematicides, phorate and 
carbofuran @ 0.15 a.i./m^ i.e. 1.5kg a . i . /ha improved the 
health of the rice seedlings as reflected by the increase 
in shoot and root lengths and fresh weight ranging 
from 27-43% in different paramaters . In another 
experiment soil solarization for 2wk increased the 
seedling weight by 23.8% while the nematicides, the 
phorate and carbofuran resulted in 12-16% increased 
seedling weight. Application of nematicide after soil 
solarization, i.e., at the time of sowing gave the best 
control of the nematode infection and increased seedling 
weight by 30-34%. 
These resul ts have clearly established that soil 
solarization can be a practical and environmentally safer 
alternative to the nematicides. Further , subject to 
availability of heat soil, solarization could be even more 
effective individually than the nematicides at the dosage 
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tested. However, better control could be achieved if a 
small amount of nematicides can be applied at the time of 
sowing in the pre-solarized nursery-beds. Solarization 
of nursery-beds has earlier been found effective for the 
rice nursery-beds by Gaur (1994c) and Ganguly et al. 
(1996). Soil solarization has also been effective against 
several other nematodes in many different crops (Katan, 
1981; Gaur 85 Perry, 1991; Stapleton 85 De Vay, 1986; 
Braun et al, 1987; Patel et al, 1987, 1995a,b). However, 
soil solarization of main fields is generally expensive 
for most field crops. Solarization of nursery-beds to 
raise nematode and disease free healthy seedlings of 
transplantable crops was, therefore, advocated by Gaur 
and Dhingra (1991) and Kamra and Gaur (1998) in 
vegetable crops. In the case of rice t ransplant ing is a 
common practice in most irrigated and low land 
conditions. Summers in the rice growing areas are 
generally hot. Therefore, solarization before sowing seed 
of rice in the nursery-beds may be a feasible practice. 
In the rice-wheat cropping system the wheat crop is 
harvested in the month of April and the rice nurser ies are 
generally sown in late May to early June in order to 
obtain transplantable seedlings in early July. In th is 
circumstances only a few weeks in May are available for 
soil solarization after ploughing and irrigation. Once 
the wheat crop has been removed, in case, the month 
of May is sufficiently hot, the solarization for 2-4wk 
may suffice to reasonably control the nematodes, fungi 
and weeds and further application of nemat ic ides 
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may not be necessary. However, if the summer is 
moderate, as was the case during the period of 
solarization in these investigations, application of 
nematicides may further enhance the level of control of 
the nematode. The decision to apply nematicide can, 
therefore, be taken after observing the amount of solar 
heat which has been available during solarization. In 
case solarization has not been possible due to some 
reasons, application of nematicides may still provide 
reasonably healthy seedlings with very low levels of 
nematode infection. 
The nematicide application at the nursery-bed stage 
requires small amount of nematicide. Only about 1.5kg 
of phorate lOG or 5kg of carbofuran 3G would be 
requried to t reat the nursery-beds for Ih in field area. 
Although both these nematicides were found statistically 
at par, phorate would be preferable cost wise, since 
the market price of lOG phorate and 3G carbofuran 
formulations is almost similar. However, phorate requires 
greater caution during application and also emits foul 
smell which pers is ts for some time. 
In the other trial the rice seedling raised on 
solarized nursery-beds gave 49.4% higher grain yield of 
rice when t ransplanted in the untreated rice field. In 
this case further application of the nematicide in the 
main field gave 53.2% higher yield over untreated control 
which was only 3.8% higher than that from unt rea ted 
main field provided the seedlings were raised on 
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solarized bed. In this case the main field was infested 
with low levels of initial population density, i.e., 27 
J2/100cm3 soil. Thus, nematicide application in the main 
field may not be advisable if the infestation levels 
are low. 
Rice seedlings obtained from treated nursery-beds 
gave significantly better crop in the main field which 
was reflected in the improved grain yield as well as 
improved shelling percentage. The nematicide t reatment 
of the nursery-bed alone increased the grain yield 
by 10% and the shelling percentage from 62.5-76.2%. 
The 1000 grain weight was also increased which proved 
tha t the grain filling is hampered due to nematode 
damage to the root. Application of nematicide in the main 
field in addition to the nursery-bed treatment also 
increased the grain yield by a further 12-16% over 
the nursery-bed treatment alone, i.e., 22-26% over the 
total untreated control. These resul ts show that although 
nursery-bed treatment alone would be most economical, 
additional treatment of the field may be advantagous 
if the nematode infestations are high. 
5 . 5 . EFFECT OF CYANOBACTERIA 
The data on the effect of aqueous extracts and 
culture filtrates of A. fertilissima on the hatching of M. 
triticoryzae have confirmed the earlier findings of Gaur 
(1995) that some nematicidal or nematostatic moieties 
were present. The hatching of M. triticoryzae J2 was 
markedly suppressed in the presence of culture filtrates 
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and the s tandard aqueous extract. However, two 
differences were observed: 
(i) Replacement of the aqueous extract with water 
caused sudden resumption in hatch which remained 
suppressed while the eggs were in the s tandard 
aqueous extract for 9wk. It appears that the 
standard aqueous extract possessed some strong 
nematostatic component whose effect was eliminated 
when the eggs were transferred to water. On the 
other hand, the hatch in the case of the eggs in 
culture filtrate was not resumed even after transfer 
to water after 9wk. This indicates that the culture 
filtrate possessed some nematicidal components in 
contrast to the aqueous extract. 
(ii) The dilution of the aqueous extract with water 
resulted in the loss of the nematostat ic property. 
Surprisingly, the hatch in the very dilute aqueous 
extract (6.25%) and even in 25% extract after 
8wk was significantly more than the hatch in 
the control, i.e., GDW and medium. This would 
suggests that very low concentration of the aqueous 
extract could even stimulate hatch whereas high 
concentration of the same was nematostat ic . 
There is no l i terature to support these findings. 
However, there are reports that supraoptimal 
concentrations of potato root diffusate suppressed the 
hatching of Globodera rostochiensis (Devine et al., 1996) 
while low concentrat ion stimulated hatch. It is also 
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thought about many homeopathic drugs that low 
concentrations are more effective in curing ailments 
while higher doses could be toxic. The hatching behaviour 
of M. incognita both in water and in different hatching 
media used was remarkably. different from that of M. 
triticoryzae. The hatch from M. incognita eggs was very 
rapid with about 90% eggs hatching in GDW and medium 
controls within 3wk and almost complete hatch within 
4-5wk. On the other hand, the hatch from M. triticoryzae 
eggs was very slow with less than 40% eggs hatch 
over 9wk. 
The effect of culture filtrate and aqueous extract on 
the hatching of M. incognita was somewhat similar to 
tha t on M. triticoryzae. The total cumulative hatch was 
suppressed in the s tandard aqueous extract as well as 
in the culture filtrate, the later being slightly more 
effective in suppressing hatch than the former. However, 
the extent of suppression in M. incognita was lesser than 
tha t in the case of M. triticoryzae. For instance, within 
3wk about 90% eggs of M. incognita hatched in control 
bu t about 70% also hatched in the aqueous extract 
and the culture filtrate. Further, at the end of 6wk about 
78 and 85% eggs hatched in the culture filtrate and 
s tandard aqueous extract, respectively, compared to 
about 97% in control. This would show that even in 
the presence of the eggs in the aqueous extract and 
cul ture filtrate substaintial hatch from M. incognita 
eggs could occur which would be discouraging from 
the plant protection point of view. This difference 
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would obviously be due to the rapid hatch of M. incognita 
which could not be prevented to the same extent as 
was the slow hatch of M. triticoryzae at similar 
concentrations. 
The dilution of aqueous extract to 25% and 6.25% 
eliminated the hatch suppressive effect. No st imulation 
etc. could be observed in case of M. incognita probably 
because almost total hatch occurred even in control. 
In these investigations the aqueous extract and 
culture filtrate were not replaced with water in the case 
of M. incognita as some saprophytic fungal growth was 
observed in the egg sacs after 6wk. Further s tudies on 
these line may reveal if the fact of the aqueous extract 
and culture filtrate was nematostat ic or nematicidal in 
the case of M. incognita also. 
These investigations on the effect of the aqueous 
extract and culture filtrates have opened new vistas and 
have posed a number of quest ions that may be answered 
only by further extensive research. Identification of the 
actual nematicidal and nematostat ic moietes and studies 
on their properties and stability, effect of dilution etc. 
would be necessary. 
The indications from these studies show that 
whereas the culture filtrate had greater or permanent 
hatch suppressive effect than the aqueous extract has 
great significance. The culture filtrate obviously 
contained the metabolic excretions of the cyanobacteria, 
A. fertilissima, whereas the aqueous extract prepared 
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from the living cells after getting rid of the culture 
filtrate contained the components of cytoplasm from the 
living cells. It is possible that the metabolic excretions 
either had greater concentration or more potent egg 
suppresant moieties compared to the aqueous extract. 
5 .6 HISTOPATHOLOGY 
The presence of root-knot nematodes, Meloidogyne 
triticoryzae in the wheat-root showed hyperplasiaand 
derangement in the cortical region resulting in extensively larger 
galls with cavities. Both the cortical and stelar systems 
were disorganized and extensively damaged. Giant cell 
formation was well marked with extensive hypertrophy 
enlargement of cortical layers due to hyperplasia. 
The large cavities in the cortical region were formed 
due to the presence of the females, often several of them 
together, and the eggsacs retained inside these cavities. 
In this feature the histopathology revealed differences 
from M. incognita and other species of root-knot 
nematodes which deposit the eggsacs outside the root 
t i ssue. The epidermal layers of the root were often found 
broken which occurred due to the pressue of the 
eggmasses which sometimes protruded partly outside the 
root t issue. In this respect a difference was noticed in the 
histopathology on rice root (Sharma, 2000) in which the 
epidermal layer was broken very rarely. This could be due 
to the fact that the aerenchyma in the cortex of rice root 
provided more space for the females and eggsacs than the 
space available in the cortex of wheat root. 
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SUMMARY 
Investigations have been carried out in the in vitro 
and in vivo conditions in the laboratory, green house, 
microplots and real field situations in order to 
unders tand the population dynamics, survival, 
histopathology and the role of the blue-green algae 
(Cyanobacteria) and to develop a suitable integrated 
nematode management package based on cropping 
systems, solarization, tillage and water management and 
minimal use of nematicides. 
The results of three experiments on the survival of 
established and inoculated populations of M. triticoryzae 
and comparative survival and rates of water loss of M. 
triticoryzae and M. incognita have clearly shown that M. 
triticoryzae is not able to survive in dry soil for long 
periods, but could persist for more than 18 months in 
moist and wet soil; probably in the egg a n d / o r quiescent 
J2 stage. The rate of water loss in subsa tura ted 
atmosphere was higher in case of M. triticoryzae than in 
M.incognita J2 indicating poorer desiccation survival 
ability of the former. It appears the desiccation tolerance 
in these nematodes is related to the normal levels and 
frequency of moisture stress encountered by them in 
their natural habitats . 
Studies on the population dynamics of M. 
triticoryzae in five rice-based cropping systems have 
revealed that rice was the main host. Most of the 
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population growth which contributed to the peak 
population density in September occurred in the rice 
crop. The other crops in the Rabi and summer seasons 
had a profound influence on the height of the peak in the 
succeeding rice crop. Some level of reprodcution occurred 
in wheat, greengram and berseem in Rabi which 
contributed to relatively higher equilibrium densit ies. The 
potato variety Pusa Bahar increased the population 
density while Pusa Badshah decreased it. The lower 
temperature during the Rabi season also limited the rate 
of population growth. The incorporation of organic matter 
into the soil, either as crop residues of greengram or 
berseem, reduced the population growth of M. triticoryzae. 
Rice was the main host contributing to most of the 
population growth, but the wheat and other Rabi crops 
sustained the population. In both the years (1996-1998) 
peak population densities occurred during September-
October. Highest peak densities of J2 in soil were 
recorded in the rice-wheat cropping system. Lower peak 
density was observed in the rice-berseem cropping system 
and the least in the rice-wheat-greengram and in rice-
mustard-greengram. In the rice-potato-greengram 
cropping system population behaviour of M. triticoryzae J2 
was different in the two years because of different potato 
var. Pusa Bahar and Pusa Badshah; the former supported 
the nematode. The equilibrium population densit ies as 
well as the peaks in the two years showed that the 
population densities were much higher during 1997-1998 
than in the previous year 1996-1997, indicating that 
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cont inuous practice of wheat-rice cropping system would 
increase the population density over the years . 
The practice of puddling soil before plant ing/sowing 
rice slightly reduced the bulk density and decreased 
hydraulic conductivity of soil and reduced the population 
growth of M. triticoryzae. The moisture regimes with 
submerged soil during 45 days after t ransplant ing and 
al ternate irrigation thereafter, in puddled as well as non-
puddled field supported lesser increase of the root-knot 
nematode densities. 
The rice seedlings raised on solarized nursery-beds 
gave 49.4% higher grain yield of rice when t ransplanted 
in the untreated rice field. Further application of the 
nematicide in the main field gave 3.8% higher yield. The 
nematicide treatment of the nursery-bed alone increased 
the grain yield by 10% and the shelling percentage from 
62.5-76.2%. Application of nematicide in the main field 
further improved yield. 
Soil solarization us ing thin clear polyethylene 
mulches for 3wk alone and in combination with 
nematicides, phorate and carbofuran reduced the 
population densities of M. triticoryzae significantly in 
nursery-beds of rice. Application of nematicide after soil 
solarization gave the best control of the nematode 
infection and increased seedling weight by 30-34%. 
The hatching of M. triticoryzae J2 was suppressed in 
cul ture filtrates and s tandard aqueous extracts of 
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A. fertilissima. However, when the aqueous extract was 
replaced by fresh glass distilled water hatch was 
resumed. The inhibition of hatch in cul ture filtrate was 
irreversible. The culture filtrate of A. fertilissima failed to 
suppress the hatch of M. incognita eggs which hatched 
very rapidly and completed hatching within 2-3wk 
whereas M. triticoryzae eggs had very slow hatch over 
9 wk. 
The histopathological studies on the transverse 
microtome sections revealed the development of 
syncytium and giant cells in the vascular t issue, 
dislocation of vascular bundles, hyperplasia and 
extensive damage to the cortical parenchyma and 
breaking out of the root wall with partially protruding 
females and eggsacs; unlike rice which mostly had 
eggsacs within the root aerenchyma. 
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APPENDIX - 1 
ADDITIONAL STUDY ON AN INDIGENOUS NON-TOXIC 
HERBAL-ORIGIN STAIN FOR DIFFERENTIATING 
LIVE AND DEAD NEMATODES 
Very often the workers face a great difficulty in 
differentiating the live and dead nematodes while conducting 
experiments with animals such as nematodes . Nematode 
mortality is often based on their activity (Moje,1959; Rich et 
al.,1977] but sometimes most nematodes become inactive 
and cease locomotion, even under the influence of sub-lethal 
doses of toxic or anesthetic subs tances . Therefore, the 
discrete recording of data base merely on their movement, 
hence subject to errors. Besides, it is time consuming and 
combursome to transfer the nematodes in fresh water to check 
their moveinent, as the reactivation of nematodes after 
removal from the test solutions involves a long period of time. 
Several vital stains like Acridine orange (Home^^er, 
1953), Chrysoidin (Doliwa, 1956), New-blue-R (Shepherd, 
1962), Phloxine-B (Fenner, 1962), Eosin-Y (Chaudhuri et al, 
1966), Medola-blue or Nile-blue (Ogiga & Estey, 1975), 
Rhodamine-B (Gemerhausen fit Kastner, 1975), Potassium 
permanganate (Jata la , 1969; 1975) etc., have been used for 
differentiating live and dead nematodes. The dead nematodes 
are stained but the live ones are not. However, resu l t s with 
these stains are not always definite, some nematodes are 
stained partially or lightly. Moriart3^ (1965) found differences 
in the action of some of these, in staining the nematodes 
11 
killed due to heat , chemicals or natural causes. These s tains 
are mostly synthetic dyes, imported from outside India, 
expensive and hazardous; some of these are carcinogenic. 
Most of these also require long period of exposure of 12-24h. 
Therefore, a new staining technique has been developed 
by using a cheap, non-toxic, indigenous, herbal stain to 
differentiate live and dead nematodes. 
The New Technique 
An indigenous herbaceous plant, saffron, Crocus sativus 
L. having pigment crocin derived from the stigma of the flower 
were used for staining and distinguishing living and dead 
nematodes. The saffron is soluble in alcohol and water 
imparting a red colour. This dye has been found equally useful 
for estimating viability of nematodes subjected to heat , 
chemicals or when they die from natural causes. 
About lOOmg saffron stigma was soaked in 10ml glass 
distilled water for 12h and the filtrate was used as stain. The 
stain was stored at 2°C in a refrigerator. About fifty 
nematodes each killed by heat and chemical, seperately, and 
fifty by na tura l death were taken for the experiment. These 
were kept in 2ml of 5% solution in cavity block and in other 
cavit}^ block fifty live nematodes were kept at room 
temperature. After 2h it was observed that dead nematodes 
were stained while the live ones in the active or inactive s ta tes 
were unsta ined depending upon the concentration of the 
extract. As the duration increased the dead nematode took 
brighter yellow orange colour while live nematodes remained 
unstained. When observed in fluorescent white t ransmit ted 
i x : 
A. Live active \ instained nematode 
B. Dead nematode stained with saffron 
Plate VIU A d d l t i o a a l S t u d y o s &n Endigectoas Roft-Toadle 
Ke^fkal-Origin S t a i n for Di f fe ren t ia t ing Live a n d 
Dead Kem&tode& < 
IV 
light under a sterieoscopic binocular microscope at lOOx 
magnification, the colour was much brighter. It is not a 
permanent stain and destaining also took place with 3-4h in 
water. The live nematodes were neither killed nor became 
inactive in this stain. 
The saffron is herbal in origin and easily available in the 
market, and is used for colouring food, confectionaries, 
medicines and also has medicinal value. The contents of th is 
yellow dye are safranal, crocetin, picrocrocetin and crocin 
(EScribano et aL,1996). The active colouring component is 
crocin, which is diester of the disaccharide gentiobiose with 
the pol3'-thene dicarboxylic acid crocetin C20H24O4. Gentiobiose 
is 6(P-D-glucosido)-D-glucose. This gives an indicated 
molecular weight of 976.986. 
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DISCUSSION 
Disadvantages of Synthetic Dyes: 
Previous methods recommended for dis t inguishing live 
and dead nematodes have some disadvantages. Nematodes 
were killed after a short time in Boyd's Iodine stain and 
chryosidin was also toxic at certain concentrations. A further 
Tdisadvantages of chryosidin was that both living and dead 
nematodes stained yellow, the only difference being tha t the 
intestinal granules in living nematodes tend to stain orange. 
Acridine orange was not entirely successful with Heterodera, 
and the method depends on fluorescence microscopy. 
Fenner (1962) claimed tha t phloxine B stained dead 
nematodes rapidly but not living ones. Shephered (1962) 
also claimed that dead nematodes took stain after 24h in New 
blue R but live ones also not s tained. Compared with saffron, 
phloxine B and New blue R were slower to penetra te dead 
nematodes. 
Advantages of the Natural Dye: 
Dead plant-parasitic and eggs of root-knot nematodes 
[Meloidogyne spp. ) took saffron stain within l-2h and free 
living nematodes within 2-4h. However, the egg shell was not 
so deeply stained as compared to egg contents and second 
stage juveniles, being dist inguishable inside the egg shell . 
Saffron stain appeared to enter the body through oral and anal 
openings. The above study showed that the herbal s ta in 
derived from saffron gave clear, discrete and reliable 
V i 
C Dead nematode took brighter jellow orange colour 
as the duration increased 
I>. Egg shells not so deeply stained as compared to 
egg contents and second stage Jtivenile (J^| 
plate VHX Additiaaal Stad;)^ OB » S Indigesous Kos-Toxlc 
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pattern to differentiate live, inactive and dead nematodes 
during bioassays and other investigations. 
Therefore, staining with saffron is simple, rapid, less 
expensive, require no special apparatus , and does not obscure 
taxonomic features, easily available indigenous product which 
may serve as a subs t i tu te for expensive, toxic, synthetic and 
often imported dyes used for this purpose. 
REFERENCES 
Chaudhuri , N.; Dick, R. I.; Engelbrecht, R. S.; Austin, J . H. 
(1966). Staining of free-living nematode by Eosin Y dye. 
Nematologica, 12: 337-342. 
Doliwa, W. (1956). Experimentelle ustersuchungen an 
Kartoffelnematoden (Heterodera rostochiensis 
Wollenweber). Wiss. Z. Univ. Rostock., 5: 133-149. 
Escribano, J., Alonso, G. L.; Coca, P. M.; Fernandex, J . A. 
(1996). Crocin, safranal and picrocrocin from saffron 
{Crocus sativus L.) inhibit the growth of human cancer 
cell in vitro. Cancer Letters, 100 (1-2): 23-30; 2 pi; 28 
ref. 
Fenner, L.M. (1962). Determination of nematode mortality. 
Plant Dis. Rep., 46: 383. 
Germershausen, K.; Kastner, A. (1975). Beobachtungen zur 
Farbbarkeit von Nematoden als Grundlage fur 
Vital t tatstests . In: Vrtragstagung (1) zu Aktuellen 
Problemen der Phytonematologie an 29.5.197S in 
Rostock. Manuskriptdruck der Vortrage. 
Biologiesche Geselleschaft der DDR, Sektion 
Phytopathologie und Universitat Rostock, 103-109. 
Homeyer, B. (1953). Die unterscheidung lebender und toter 
Stockalchen (Ditylenchus dipsaci Kuhn) durch 
Fluorochromierung mit Akridin Orange. Nachrbl. dtsch. 
Pflsch Dienst, Braunschweig, 5: 8-11 
Vlll 
Ja ta la , P. (1969). A new staining technique for differentiating 
live and dead nematodes. Phytopathologica, 59: 1033. 
Ja ta la , P. (1975). Efficiency of potassium permangana te in 
differentiating between live and dead nematodes . Ann. 
Appl. Biol., 80: 109-113. 
Moje, W. (1959). Structure and nematicidal activity of allylic 
and acetylenic halides. J. Agric. Food Chem., 7: 702-
707. 
JVIoriarity, F. (1965). The efficacy of chrysoidine, new blue R 
and phloxine-B for determining the viability of beet 
eelworm, Heterodera schachtii Schm. Nematologica, 10: 
644-646. 
Ogiga, I. Estey, R.; R. H. (1975). The use of Meloda Blue and 
Nile Blue A, for distinguishing dead from live 
nematodes. Nematologica, 20: 271-276. 
Rich, J. R.; Keen, N. T.; Thomson, I. J. (1977). Association of 
coumestans with the hypersensitivity of lima been roots 
to Pratylenchus scribneri. Physiol. 
105-116. 
Shephered, A. M. (1962). New blue 
differentiates between living and 
Nematologica, 8: 201-208. 
Plant 
R, a 
dead 
Pathol . , 
stain 
10 : 
that 
nematodes . 
